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EXECUTIVE SUMMARY

Accurate weather information is a critical element in the daily lives of most Americans.
In many cases, weather information helps determine when and if to take a trip, the route, and
expected travel time. It guides the actions of state departments of transportation (DOTs) that
maintain the interstates and state highways. It also affects how and when commerce is
transported.

When weather turns wintry with snow and ice, it cannot only change daily habits, it can
be deadly. Over 17 percent of all fatal crashes occur during winter weather conditions. Of those,
60 percent happen in rural areas (most on non-interstate roadways). The Federal Highway
Administration (FHWA) Intelligent Transportation System (ITS) Joint Program Office and the
recently formed Road Weather Management Program support the supposition that more accurate
and accessible weather information could improve road maintenance and decrease fatal crashes.
FHWA awarded a rural ITS Operational Test (OT) to the FORETELL™ Consortium (Castle
Rock Consultants, lowa, Wisconsin, and Missouri DOTs) in 1997 to develop an operational test
of a multi-regional road and weather forecasting/dissemination system, in partnership with the
National Weather Service (NWS) and Environment Canada (EC).

ES.1 FORETELL System

A market analysis conducted by FORETELL indicated significant deficiencies with the
current weather and road condition information development, production, and dissemination
approaches. These deficiencies included:

* Lack of information and geographic coverage

* Insufficient timeliness

* Inaccuracies that result in lack of confidence in making decisions

* Lack of necessary detail

» Difficulties in acquiring information and the high cost of acquiring it

In response to these apparent deficiencies in the current system, FORETELL proposed to
provide both nowcasts and forecasts of weather information and road conditions to highway
maintenance operations staff, commercial vehicle operators, highway patrol, school
administrators, transit operators, traffic managers, emergency medical units, and commuters and
leisure travelers.

FORETELL planned to establish an Intelligent Transportation System (ITS) Service
Center to provide an interface between the raw weather data and ITS users to deploy the weather
information. The fundamental functions of the service center were to: use NWS and EC data
sources and models for providing nowcasts and forecasts; use transfer energy balance models
developed in Europe along with solar gain and snow drift algorithms for pavement condition
forecasts; adjust weather forecast and pavement condition predictions using real time field sensor
information from stationary and mobile road weather information systems (RWIS); disseminate
value-added tailored information to state DOT highway maintenance personnel, travelers, and
others using available/emerging commercial and ITS traveler information media.
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FORETELL was a multi-state initiative bringing ITS together with advanced weather
prediction systems to create operational highway maintenance management and traveler
information systems throughout North America. FORETELL participants envisioned:

* aself-sustaining weather and road condition information system fully integrated within a
wider basket of ITS services;

* areduction in winter-condition related road deaths by at least 15 percent; and

» creation of a viable weather and road condition information network across the continent.

The FORETELL Consortium’s mission was to deliver the benefits of advanced weather
prediction systems and ITS technologies to travelers, shippers and transportation system
operators. The program envisions a widely accessible real-time weather and road condition
information system that would support seamless information sharing for travelers and highway
maintenance operators (HMOs).! Major partners in FORETELL included state governments,
private entities, Canadian agencies, and the U.S. Department of Transportation (U.S. DOT).

The FORETELL Consortium prepared a proprietary System Design Concept (SDC)
document, which defined the goals and objectives of the program, the deficiencies in weather
information within the transportation system, the FORETELL approaches to address these
deficiencies, and the system configuration designed to achieve these goals. Rather than
obtaining the information through multiple sources, FORETELL planned to provide a one-stop-
shopping approach to obtaining the required data. The information was slated to be disseminated
via the following methods:

* Internet/World Wide Web * Digital Messaging
* E-mail * Pagers

* Fax * Fiber Optics

e Phone/Cell Phone * Satellite

The FORETELL system has been constantly evolving since its conception. At the time
of the evaluation, the FORETELL system was primarily an Internet website that displayed
weather and road condition information for Iowa, Missouri, and Wisconsin. In addition, users of
the website needed a username and password to gain access.

ES.2 Evaluation Approach

As with all ITS Operational Tests, FHWA funded an independent evaluation of the
project. In 1998, Battelle was selected to perform the evaluation. The purpose of the
independent evaluation was to assess the effectiveness of the FORETELL operational test in
achieving its goals and objectives. One of the goals of the evaluation process was to determine

! During the course of the FORETELL evaluation, the phrase “highway maintenance operators (HMOs)” evolved
into the term “winter maintenance managers (WMMs).” According to the U.S. Department of Transportation's
Road Weather Management web site, "Winter maintenance managers monitor weather and road conditions to
determine when and where to dispatch crews to plow or apply materials (e.g., chemicals, abrasives) to road
surfaces." For consistency with previous reports, the phrase “highway maintenance operators (HMOs)” is retained
in the final report.
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the feasibility of the FORETELL system and the possibility of widespread deployment. The
following fundamental principles guided the evaluation team’s conduct of the project evaluation:

* Extensive integration with FORETELL to ensure continuity and consistency

» Strategy consistent with and supportive of Advanced Rural Transportation Systems
(ARTYS) Strategic Plan goals

* Focus on user decisions and operational improvements

* Use of sound technical evaluation approaches (simple, meaningful, and achievable)

* Comprehensive in scope, but selective in practice (consistent with budget allocations)

A major goal of the evaluation was to address the following questions:

* Is the FORETELL information adding value to users beyond what they can obtain from
existing sources?

* Is the new information changing users’ behavior and how?

e What impact will this program have on ARTS goals and objectives (outcomes)?

The FORETELL evaluation focused on six user groups over three winter seasons. Each
of these user groups had different needs and potential uses for the weather and pavement
condition information. Each had different decisions and processes they aimed to impact with
this new information. To some the information was new and packaged in a different format: the
Internet. It was determined by the FORETELL Consortium that during the first year of
operations only highway maintenance operators (HMOs) would have access to the website. The
capacity of the servers hosting the website and the reliability and accuracy of the information
would be initially assessed by HMOs. The system became operational during the winter of
2000-2001. In the fall of 1999, the evaluation team surveyed the HMOs to set up a baseline to
compare their weather-related activities before and after FORETELL. Since the Consortium had
no funds to market FORETELL to the general public, and it was uncertain whether the servers
hosting the website could handle the potential high volume of hits simultaneously, five other user
groups were selected and provided access to FORETELL during the second year of operation.
The following additional user groups were surveyed after the winter of 2001-2002:

* Commercial Vehicle Operator (CVO) Personnel
* Highway Patrol Personnel

*  School Administrators

* Transit Operators

* Traffic Managers

These user groups were selected because they needed weather and road condition
information and they were interested in participating.

The HMOs were the largest user group surveyed. They were asked to evaluate the
FORETELL system before it became operational and for two years after it became operational.
Much of the information that was available through FORETELL was also available from a
variety of sources. FORETELL brought the information from these many sources together in a
single website and provided special features to assist users in viewing the information.
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ES.3 Evaluation Results

Many of the users were familiar with most of the information provided by FORETELL,
but some of the information was new and/or presented in a new format. For example, one new
item that was noted by the HMOs that was of great value to them was the dewpoint temperature.
Other elements such as detailed weather forecasts, pavement temperature, and pavement
conditions were among the highlighted new items across user groups. Although each user group
had varying information needs, generally they thought the information packaged on a website
was easy to obtain and useable, with a high percentage of them mentioning that they appreciated
the special features such as the animation of the information over a specified time period.
However, the survey results indicated both positive and negative aspects of the FORETELL
system. Approximately 30-40 percent of the HMOs said that they changed their decisions
based on FORETELL information, and greater than 50 percent of users said they want to
continue using it in the future. However, less than 20 percent were willing to pay for the
service. These numbers are significant given the challenges that were faced by the program.

The evaluation team believes that a changed decision based on FORETELL information
was the true measure of the system’s value. In this case, results among the users were mixed.
The fact that 30-40 percent of HMO respondents indicated that they changed their decision
based on this new information was significant, given the natural reluctance to accept something
new. However, the other users did not respond as favorably. In the case of the commercial
vehicle operators, they appreciated the FORETELL information but did not think it would
change their key decisions (when to go, if to go, where to go). The drive to get the products to
their market destination was the most important decision criteria. However, it was interesting
that the HMOs were less confident in their decisions using FORETELL, probably because of
earlier problems they encountered with the system, while the other users were more confident
(but less likely to change their decisions).

1t is of some significance to report that the majority of all users stated that they want to
use FORETELL in the future. This may be the result of two primary interests on the part of the
users. First, they found value in the information and were interested in using it for future winter
seasons. Second, they did not have an opportunity to fully test the FORETELL system during a
mild winter but saw enough promise to want to continue using the system and data. On the other
hand, very few of these same users were willing to pay for the information and expected to
continue receiving it at no cost. The confounding factors of the “institutional” issues and
weather conditions mentioned make these results interesting but may not represent the true
attitudes of the user group populations.

ES.4 Caveats

FORETELL was the first in the industry to bring this much information together on a
single website. Most first time endeavors of this magnitude are fraught with challenges.
FORETELL was no different. The FORETELL program dealt with major partner changes,
reluctant users (to changing the way they have done things in the past), schedule delays,
information inaccuracy, and computer system and server issues that sometimes negatively
affected the delivery of the information in a timely manner. Although unfortunate, these issues
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were not unexpected for a project of this type. These “institutional” issues had an effect on how
the system was perceived by some of the users and may have tainted their responses to surveys
and phone interviews. In some instances, these issues may have impacted whether they used the
system at all or were willing to participate in the evaluation.

Like any new tool provided to an operator (e.g., HMOs), FORETELL suffered from
users’ reluctance to use and accept something new. The evaluation team believes this resistance
had a direct impact on the data collected from HMOs after the website became operational. In
many cases, respondents to survey and phone interviews would not commit to agree or disagree
with how they used or liked the system. This may be related to the fact that they did not really
have a chance to use the system and did not feel comfortable responding one way or the other.

Weather conditions also were a major factor that affected the evaluation of the
FORETELL system. This was especially true for the other users (highway patrol, commercial
vehicle operators, transit operators, school superintendents, and traffic managers), who only used
the system one season (winter of 2001-2002). Comparing the overall weather of the evaluation
winters with previous years indicates that the evaluation winters were extremely light, resulting
in a diminished need for weather information. This situation affected the number of people
willing to participate in the evaluation and the responses of those who did. Only 15 of the 34
CVOs, 5 of the 9 school administrators, and 3 of the 14 transit operators actually completed
surveys or interviews. Almost all of the “other” users that were interviewed expressed concern
that they had not had an opportunity to fully use and evaluate the system because of the mild
winter. Also, the use of the FORETELL system by HMOs was significantly reduced during the
final evaluation period compared to the prior season (where the data indicated they had a typical
winter season). The evaluation team believes this reduced reliance on FORETELL was due in
most part to the mild winter of 2001-2002.

Evaluating a new system that was still under development was a difficult task. Many
users initially were reluctant to use a new system because its accuracy and reliability were
unknown. However, users expressed an interest and perceived value in the FORETELL system
and the weather/pavement condition information it provided. With continued system
development, and enhancements to the system to improve accuracy and avoid system downtime,
as well as to add some functionality, the changes could significantly affect future user
perceptions of the FORETELL system. These potential enhancements could encourage
continued use of the system, which could lead to expanded user acceptance and eventual
changed behaviors of the user groups. Only after the FORETELL system is fully functional,
reliable, tested for accuracy, made available to a wider user population, and marketed to a
significant segment of user groups can a comprehensive evaluation be conducted. Therefore,
additional evaluation activities in future years are required to fully evaluate the FORETELL
system.
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1.0 INTRODUCTION

The FORETELL™ program is a multi-state initiative integrating Intelligent
Transportation Systems (ITS) with advanced weather prediction systems. The overall goals of
the project include reducing accidents related to winter road conditions and creating a viable
weather and road condition information network across North America. Improved weather
information—specifically as it relates to road conditions—is expected to result in better public-
agency response and traveler response to adverse winter weather.

The FORETELL program was initiated by the Federal Highway Administration’s Road
Weather Management Program as part of a Rural ITS program. The FORETELL Consortium
consisted of state DOTs from lowa, Missouri, and Wisconsin, which were supported by Castle
Rock Consultants (formerly Castle Rock Services). Environment Canada and the Ministry of
Transportation of Ontario were also initially part of the consortium.

As detailed below, FORETELL collected and combined raw weather information from
many sources to provide the most recent and accurate weather data available. Advanced
technology is used to link transportation systems and surface weather information systems. The
power of the Internet is then used to disseminate road weather information on demand to a larger
audience. The FORETELL System Design Concept (SDC) document (a proprietary report)
defines in detail the information to be provided by FORETELL and how that information was
generated.

FORETELL uses several weather sources to generate 24-hour weather forecasts as well
as continuously updated current weather conditions. The FORETELL system also uses
advanced temperature and heat exchange models to calculate road surface temperature and
predict future road conditions. The FORETELL system gathered its weather information from a
variety of sources, including the National Weather Service (NWS) models, agricultural sensors,
airport weather sensor sites, and road weather information system (RWIS) sensors. Users have
access to recent local data and forecasts on precipitation intensities, pavement conditions, wind
speed and direction, and other road- and weather-related parameters.

1.1 Mission

FORETELL is one aspect of a U.S. DOT effort whose long-term plan was to provide
accurate weather and road condition information to travelers in the general public, shippers, and
transportation system operators. As a starting point toward this goal, an Operational Test
focusing on three initial partner states, lowa, Missouri, and Wisconsin, was conducted from 1998
to 2002.

As an ITS Operational Test, the FORETELL program included an evaluation effort to
assess the ability of the system to meet the goals of providing both current and forecast weather
and road condition information to highway operations and maintenance staff, commercial vehicle
operators, highway patrol personnel, school administrators, transit operators, and traffic
managers. The FORETELL Evaluation Plan (Battelle, 2001) was developed to describe how this
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evaluation would be conducted and was used to guide the evaluation team in the data collection,
compilation, and analysis steps.

This document presents the results of the FORETELL Evaluation. It reflects the
evaluation team’s understanding of the responses by various user groups who used the system
during the evaluation period. More specifically, however, the team looked at how the
FORETELL system was accessed and used by a variety of users and how the information from
the FORETELL website aided these groups in managing transportation infrastructure. Data were
collected through surveys and discussions with individuals in each of the user groups as well as
by reviewing records of user access to the FORETELL system website. The team’s mission was
to effectively collect and analyze the data, objectively evaluate the results, and report on the
effectiveness of the FORETELL system at disseminating weather and road condition information
to make improvements in operations for the various user groups.

On a larger scale, the evaluation team was interested in understanding how the improved
information would impact the goals and objectives of the Advanced Rural Transportation System
(ARTYS) Strategic Plan (Safety, Efficiency, Environment, Mobility, and Economic Vitality). The
FORETELL evaluation initially did a careful assessment of the resources available to evaluate
each of the ARTS goals. It was determined that only the safety goal was feasible to evaluate.
The evaluation team demonstrated that it was possible to evaluate a decrease of at least 15
percent in weather-related fatal crashes, assuming that the FORETELL system was utilized by
the highway maintenance personnel in lowa and Missouri over three years, and that the Fatality
Analysis Reporting System (FARS) data were available for analysis over this same time period.
Unfortunately, the system was only fully operational during one winter, 2001-2002, and once
operational, the system was not available to a wide enough audience to make a major
comprehensive rural impact. Utilization of the FORETELL system over one winter was not
sufficient to assess the safety impact of FORETELL. Therefore, the ARTS safety goal was not
evaluated and efforts were concentrated on evaluating the different user groups.

The evaluation team initially planned to perform a comprehensive evaluation of all major
potential user groups of FORETELL: highway maintenance operators (HMOs), commercial
vehicle operators (CVOs), state patrol, emergency services, traffic managers, travelers,
transit/paratransit operators, and school administrators. The evaluation team was successful in
evaluating the target user group (HMOs) and, given the circumstances, did as much as possible
to collect information from the other user groups. Travelers and commuters could not be
evaluated because neither Castle Rock Consultants nor the states had funds to advertise the
FORETELL website to these populations. Even if the FORETELL system were advertised,
Castle Rock Consultants indicated that the FORETELL website could not handle the potential
additional traffic.

1.2  What is FORETELL?

The FORETELL effort began with a concept of providing a single source for
transportation-related weather information. Development of the system continued during the
evaluation period. The resulting Internet-based system developed by Castle Rock Consultants
provides both nowcast (near-term, 0 to 6 hours) and forecast (6 to 30 hours) weather and road
condition information including the following:
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Weather Information Road Information

*  Wind Speed and Direction *  Opverall Road Condition
* Cloud Thickness * Pavement Temperature
* Precipitation * Pavement Condition

* Air Temperature * Road Dewpoint

* Dewpoint and Humidity * Road Freeze Point

* Radar Depiction * Road Snow Depth.

The FORETELL system provides this information for lowa, Wisconsin, and Missouri. It
is a map-based system that allows the user to select weather parameters for an area within these
states or pavement parameters for highways within the FORETELL coverage area. The nowcast
information is updated once an hour, while the forecasts are renewed every 6 hours.

During the evaluation period, access to the password-protected website was made
available to the user groups by issuing a unique username and password to each user. This
allowed tracking of access for evaluation purposes.

1.3 Evaluation Scope

The objective of the evaluation was to determine user acceptance of and decision
outcomes from a new technology for obtaining weather information for surface transportation.
The evaluation focused on assessing how the various user groups perceived the value of the
information provided by FORETELL. The user groups were identified based upon their
perceived need for weather and road condition information. The evaluation team actively
participated in the identification of the user groups and selection of the specific potential users.
The user groups were asked to access the system for weather information primarily during the
winters of 2000-2001 and 2001-2002, with most user groups participating only during the latter
season. After the winter season, they were then asked specifically about their use of and
experience with the system.

The FORETELL Consortium did not promote or market the system to the potential users
beyond notifying them that the system was available and explaining to them what information
the FORETELL system disseminates. Furthermore, the evaluation team was careful not to make
statements regarding the accuracy or specific benefits of the system. The team was not
responsible for assessing system accuracy, but rather tried to collect the users’ assessments of the
accuracy and comprehensiveness of the information being provided, as well as the benefits of the
information for each user group.

The evaluation team was tasked with data collection from the users and from access
records, as well as compilation and analysis of the data. The details of the data collection are
provided in Section 2, Evaluation Process, while the results of the analysis are provided in
Section 3, Evaluation Results. In addition, Section 4, External Factors, provides information
regarding the specific weather conditions that may have affected the outcomes, and issues
associated with the system and institutional performance. Section 5, Observations and
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Recommendations, provides a discussion of issues that effected the evaluation, along with
suggestions for future evaluations.

The purpose of the independent evaluation was to assess the effectiveness of the
FORETELL program in achieving its goals and objectives and, secondly, to determine how it
might possibly impact the ARTS goals. The primary goal of the evaluation was to determine the
feasibility of the FORETELL program and the possibility of widespread deployment.
Specifically, the evaluation attempted to address some fundamental questions:

* Isthe FORETELL information providing added value to users beyond what they can
obtain from existing sources?

* Is the new information changing user behavior and, if so, how?

*  What impact will FORETELL have on ARTS outcomes relative to its goals and
objectives?

The evaluation was designed to measure two types of success: outputs and outcomes.
The output measures evaluate the FORETELL program system performance, information
dissemination, and user decisions. The outcome measures evaluate the operational
improvements achieved through the use of weather and road condition information from the
FORETELL system. Both types of measures are valid and important to the success of the
evaluation. The evaluation outcomes relate directly to the ARTS goals. The ARTS goals are:

o Safety;

» Efficiency;

e Environment;

*  Mobility; and

* Economic vitality.
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2.0 EVALUATION PROCESS

The evaluation effort began with the development of the FORETELL Evaluation
Strategy (JPO, 1998). The strategy document framed the goals of FORETELL and outlined how
the evaluation would assess those goals. After the evaluation strategy was approved by FHWA,
the evaluation team developed the FORETELL Evaluation Plan, which documented in more
detail the goals and objectives of the evaluation and provided a guide for the specific evaluation
activities to assess each user group. The evaluation strategy discussed the importance of
evaluating certain user groups. The evaluation plan described how each of those groups would
be evaluated. The development of the evaluation plan also was used to ensure that all parties
involved in the FORETELL program understood and agreed on the concepts being used to
evaluate the system. This document provided the necessary guidance for later development of
the individual test plans.

The initial plan was to concentrate primarily on the evaluation of output measures
associated with the different primary user groups. In particular, the evaluation was to assess
acceptance of the FORETELL information by highway maintenance operators and determine
how the information affected their decision processes. The evaluation team was also requested
to assess transportation improvements (outcomes) that may result from the user decisions and
actions. In the evaluation plan, the evaluation team established an overall approach to measure
the impacts of the FORETELL program on the user decisions and, in turn, the transportation
systems. However, as mentioned earlier, it was not possible to determine whether the FORETLL
information had a measurable impact on fatal crashes in Iowa or Missouri. The evaluation team,
therefore, focused attention on gathering survey information from as many members of each user
group as possible.

From 1999 to 2001, during the development of the evaluation plan and user group test
plans, the evaluation team held a number of teleconferences with state [John Whited (IADOT),
Bill Stone (MODOT) and Mike Adams (WIDOT)] and FHWA (Paul Pisano) participants, and
occasionally with Castle Rock Consultants representatives. During these meetings, the
participants discussed how and who would contact members of the different user groups
(highway maintenance operators, school superintendents, state patrols, traffic managers, transit
operators, and commercial vehicle dispatchers), how to inform the users of the FORETELL
website and gain access, and determine if they would participate in the evaluation. Participation
in the evaluation was limited by the number of people who had access to the FORETELL system
and were willing to participate in the FORETELL evaluation. The states, FHWA, and Castle
Rock Consultants wanted a significant number of users to be aware of the FORETELL website,
but the constraints on budgets to fund public awareness of the website, and the fact that several
users who had access never used the site because of the relatively mild winters, precluded an
extensive participation within user groups in the evaluation.
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Figure 2.1 identifies the major goal areas of the evaluation as System Performance
(Castle Rock Consultants), User Acceptance (evaluation team), Decision Effectiveness
(evaluation team), Operational Improvements (evaluation team), and Institutional Performance.
The latter goal was added near the end of the evaluation due to the impact it had on the
evaluation results.

Information —— Users — Decisions — Results
Improved * HMOs * Plow Safety
FORETELL Weather *CVO » Anti/De-ice Efficiency
PROGRAM Personnel * Sand
and * Highway Patrol * Close road Environment
Personnel * Close Schools e
Road * School * Go/No-Go Mobility
Condition Administrators * Change Route Econ. Vitality
. * Transit * Deploy
Information Operators * Emerg. Serv.
* Traffic Managers
EVALUATION l l l l
GOALS System User Decision Operational
Performance Acceptance Effectiveness Improvements
(Output) (Output) (Output) (Outcome)
Institutional Performance (Outcome)

Figure 2.1 Evaluation Goals

The primary focus of the evaluation was an assessment of user acceptance and decision
effectiveness. System performance was monitored and reported by Castle Rock Consultants
with assistance from the states. An assessment of the accuracy of the information was provided
to the states in a report by Castle Rock Consultants. As noted earlier, institutional performance
was also outside the primary focus area, though several institutional performance issues are
covered in this report because they had a significant impact on the results that are reported.

The primary “outcomes” measure was initially planned to be the Fatality Analysis
Reporting System (FARS) data from the three states. The evaluation team was interested in
determining if use of the FORETELL system might be associated with a reduction of at least 15
percent in winter weather-related fatal crashes on the highway. The FARS data are generally
made available a year after they are collected. Unfortunately, the planned evaluation period was
abbreviated (as explained later), and comparing only one winter where FORETELL was utilized
against the previous years was determined to be an insufficient amount of time to assess a change
in weather-related fatal crashes. The evaluation originally intended to include this safety
component (weather-related fatal crashes) of the operational improvements area. However, the
system was not in place for a sufficient length of time to make valid comparisons.
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The approach to evaluating the FORETELL program was first to identify a set of
hypotheses to test each of the user groups and decision areas shown in Table 2.1 for the
evaluation team’s initial goals: user acceptance and decision effectiveness. Next, it was
determined that the best method to obtain the needed information to assess the evaluation goals
was to survey and interview identified user groups. The third step was developing individual test
plans to collect the data. Finally, the data were analyzed and the results presented in this report.

Following the approval of the evaluation plan, the details of conducting the evaluation
were developed and documented in six individual test plans (one for each user group).

Table 2.1 Evaluation Goals and Decision Areas
Evaluation Goal User Groups Decision Area
HMOs Receipt of information
CVOs Perceived value
User Acceptance State Highway Patrol Use of information
Schools Administrators Perceived value
Transit/Paratransit Behavior change
Traffic Managers Use of information
HMOs Traffic operations
Highway maintenance
Trip delay
CVOs Route changes
Operational parameters
State Highway Patrol Road closure

Delayed school start
Early release

School closure
Children transport

Trip delay

Route changes
Operational parameters
Modal diversion

Traffic monitors

Traffic operations

Road closure
Disseminate traveler information

Schools Administrators

Decision Effectiveness

Transit/Paratransit

Traffic Managers

Originally, the schedule of evaluation activities coincided with the implementation of the
FORETELL website development and included the following five opportunities for data
collection and reporting:

Final Report 2-3 April 2003



* winter of 1998-1999:  Develop evaluation plan and individual test plans.
Collect baseline data.

e winter of 1999-2000:  FORETELL operational. First evaluation data collection (i.e., first
follow-up).

* winter of 2000-2001:  Second evaluation data collection (i.e., second follow-up).

e winter of 2001-2002:  Third and final evaluation data collection (i.e., third follow-up).

* summer and fall of 2002:Preparation of evaluation reports, dissemination of results.

During the first intended data collection period (winter of 1998-1999), it was determined
that FORETELL would not become operational until the winter of 2000-2001. The evaluation
plan and some of the test plans were developed, but the baseline data collection was delayed
until the winter of 1999. This delay in implementing the system resulted in the elimination of
one data collection period. The revised schedule is shown below:

* winter of 1998-1999:  Develop evaluation plan and individual test plans.

e winter of 1999-2000:  Baseline data collection.

* winter of 2000-2001:  FORETELL operational. First evaluation data collection (i.e., first
follow-up).

* winter of 2001-2002:  Second evaluation data collection (i.e., second follow-up).

e summer and fall of 2002:Preparation of evaluation reports, dissemination of results.

After the FORETELL website became operational, it was determined by the FORETELL
Consortium that during the first year of operations only highway maintenance operators would
have access to the website. The capacity of the servers hosting the website and the perceived
reliability and accuracy of the information would be initially assessed by this user group. Since
there were no funds available to market FORETELL to the general public and it was uncertain
whether the servers hosting the website could handle the potential high volume of hits
simultaneously, only five other user groups were provided access to FORETELL. The entire list
of user groups is shown below:

* Highway Maintenance Operators (HMOs)

e Commercial Vehicle Operator (CVO) Personnel
* Highway Patrol Personnel

* School Administrators

* Transit Operators

* Traffic Managers.

These user groups were selected based on their need for weather and road condition
information and the ability to collect feedback from them. Once these user groups were
identified, the team needed to select and contact potential users within each group. The initial
contacts were used, in part, to gauge the likelihood that given individuals would need the
information being offered by the FORETELL system and to solicit participation in the
evaluation.

Test plans were then developed for each user group using the evaluation plan as guidance
and tailoring the details and evaluation methods to each group. The test plans identified the
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specific approach to be used for each group. They included surveys and/or interview guides as
necessary with specific questions targeted toward the individual user group’s operations. The
data collection approach ultimately used with each user group is shown in Table 2.2.

Table 2.2 User Group Evaluation Participation and Data Collection Approach
C Number of Data Collection
User Group Participation Years Participants Approach
. Survey &
Fall of 1999(baseline) 66 Activity/Weather Logs
Highway Maintenance Operators Winter of 2000-2001 87 Survey &
Activity/Weather Logs
. Survey &
Winter of 2001-2002 47 Activity/Weather Logs
Other
Commercial Vehicle Operator Personnel Winter of 2001-2002 15 Telephone Interview
Highway Patrol Personnel Winter of 2001-2002 16 Telephone Interview
. . Survey &
School Administrators Winter of 2001-2002 5 Activity/Weather Logs
Transit Operators Winter of 2001-2002 3 Survey
Traffic Managers Winter of 2001-2002 1 Telephone Interview

Each user group identified had a unique set of requirements and, therefore, used the
information in different ways to best serve their needs. The evaluation team was interested in
determining how each user group utilized the FORETELL information. The evaluation focused
primarily on the HMOs in the three targeted states. The results reported herein are presented in
two groups: HMOs and Other Users. While the other user groups are discussed individually,
they have been separated from the HMO user group. There are several reasons for the focus on
the HMO user group and for the use of this reporting approach.

First, true baseline data were only collected for the HMO user group. The other user
groups did not participate in the FORETELL evaluation until 2001 for a variety of reasons that
are related to accuracy and reliability issues of the FORETELL website. The other user groups
were asked questions regarding their weather information collection prior to FORETELL only
after they had been provided access to the FORETELL website. These user groups were
primarily provided access to the FORETELL website during the winter of 2001-2002. They
were surveyed only once, in the spring of 2002.

Second, including the baseline year, three successive years of data were collected from
the HMO user group. This allowed the evaluation team to develop a detailed survey instrument
and a web-based survey for the first and second follow-up. Members of the evaluation team
attended some HMO training sessions and over time developed a working relationship with this
user group. These factors contributed to the fact that the HMO users represent over 90 percent of
respondents surveyed.
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Finally, the HMO user group was targeted due to their responsibility to take action during
many adverse weather events. Compared to the other groups, HMOs depend very heavily on
accurate and timely weather information in order to perform their primary functions.

The following sub-sections discuss key components having an impact on the evaluation
results: weather conditions and user group access.

2.1 Weather Conditions

Given that FORETELL is a transportation-related weather information system, the
success of the evaluation ultimately depends on the weather conditions requiring the need to
obtain weather information. The evaluation of FORETELL began with the baseline HMO
surveys in the winter of 1999-2000. The evaluation then continued through the winters of
2000-2001 and 2001-2002.

To ensure a meaningful evaluation of activities dependent on weather information, it is
important to have a significant number of weather events during the evaluation. It is also
important to be able to compare one winter to another so that outcomes from one winter can be
compared to outcomes of another winter.

Figures 2.2 and 2.3 show climatological data for lowa for temperature and precipitation,
respectively, for the months of November through April, which was essentially the evaluation
period. The data contain the climatological normal period from 1971 through 2002.>

The data show that when compared to normal, the winters of 1999-2000 and 2001-2002
were significantly warmer and drier than normal. In fact, of the 32 seasons, these winters were
the two warmest. In addition, these same winters were the fourth and tenth driest. In contrast,
the winter of 2000-2001 was the third coldest and had above-normal precipitation. Data for
Missouri and Wisconsin show similar trends.

One would expect that there could be a significant number of winter weather events
during the winter of 2000-2001 and fewer in the next winter. Thus, one could also expect a
significant number of evaluation inputs for the first winter evaluation period following the
baseline year, and less inputs for the next (last evaluation) winter.

Section 4.1 discusses results from data collected by the evaluation team that provide
insight to the actual weather events observed by the HMOs.

* One way of comparing weather over periods of time is to use a weather index. Research in Iowa resulted in an
Iowa-specific weather index that could be used for inter-annual or inter-seasonal analyses (Temeyer, 2001).
Unfortunately, that index was not available until after the evaluation was completed. Therefore, the evaluation team
used standard climatological data available from the National Climate Data Center to compare the winters of the
evaluation for the three-state evaluation area.
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2.2 User Access

In addition to the data collected by the evaluation team through surveys and discussions
with individuals in each of the user groups, Castle Rock Consultants collected data on user

access to the FORETELL website during the winter months (October through April) of
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2000-2001 (Evaluation Year 2) and 2001-2002 (Evaluation Year 3). User access data were
collected to provide information regarding who accessed the FORETELL system, what activities
they undertook, and which variables were used most. All operations and keystrokes performed
by users at the FORETELL website were recorded and logged. The totals do not include any
activity performed by Castle Rock Consultants. A summary of the number of users in each
group and the number of times the site was accessed, as well as the various types of data
accessed, is presented below. The data may not be consistent with the survey and interview
responses due to users sharing IDs and to varying viewpoints among users who responded to the
surveys/interviews and those who did not. For example, while precipitation may have been the
most accessed weather choice for all users, those responding to the surveys/interviews may have
indicated using temperature more often.

Over the winters of 2000-2001 (Year 2) and 2001-2002 (Year 3), FORETELL was
accessed 10,764 times by HMOs, highway patrol, CVOs, traffic managers, transit operators, and
school administration personnel. Figure 2.4 presents the number of logins for each user group by
month for the winters of 2000-2001 and 2001-2002. There were more than twice as many logins
by HMOs during Year 2 than during Year 3. FORETELL was accessed 7,393 times by
199 individuals from the HMO user group in Year 2 and 2,770 times by 162 individuals in
Year 3. Some of the decrease may be attributable to the mild weather conditions during Year 3.
Other reasons may include a turnover in staff or a dissatisfaction with FORETELL.
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Total Logins
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Figure 2.4 Number of FORETELL Website Logins by User Group by Month and
Evaluation Year (Y2 = Winter of 2000-2001, Y3 = Winter of 2001-2002)
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While the number of logins by HMOs decreased from Year 2 to Year 3, total logins for
the other user groups increased during that time. Figure 2.5 presents in greater detail the number
of logins by month and by year for highway patrol personnel, CVOs, traffic managers, transit
operators, and school administrators. During Year 2, FORETELL was accessed 131 times by
2 highway patrol personnel, 2 CVOs, and 7 transit operators. During Year 3, FORETELL was
accessed 471 times by 18 highway patrol personnel, 29 CVOs, 1 traffic manager, 4 transit
operators, and 9 school administrators.

Total Logins

Y2 Y3 ¥2 ¥3 Y2 Y3 Y2 ¥3 Y2 Y3
Highway CVvO Traffic Transit School
Patrol Managers Admin

I Oct I Nov I Dec Jan I Feb I Mar IApr

Figure 2.5 Number of FORETELL Website Logins by User Group (excluding HMOs) by
Month and Evaluation Year (Y2 = Winter of 2000-2001, Y3 = Winter of 2001-

2002).

Year 3 was the focus of the evaluation for non-HMO user groups. The Year 2 logins for
these groups may or may not contain logins by the Year 3 survey/interview participants.
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Even though the total number of logins increased for all user groups (except HMOs) from
Year 2 to Year 3, there is a relative decrease in the use per person for the HMOs, the highway
patrol personnel, and CVOs. Figure 2.6 shows the number of logins per person by evaluation
year for each user group.

Logins per User
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Figure 2.6 Number of FORETELL Website Logins per Person by User Group by
Month and Evaluation Year (Y2 = Winter of 2000-2001, Y3 = Winter of
2001-2002).

Users accessed all weather choice options offered by FORETELL: clouds, dewpoint,
frozen accumulation, humidity, precipitation, precipitation accumulation, pressure, radar,
temperature, measured accumulation, combined precipitation and temperature, and wind speed
and direction. However, the weather choices most selected by users over both winters were
precipitation, temperature, and radar.” Users also accessed all road choice options offered by
FORETELL: road condition, road decision support, road dewpoint, road freeze point, road
pavement frost, road pavement temperature, road snow depth, road snow drift, and road
temperature. Of these, road condition, road pavement temperature, and road temperature were
the most selected choices over both winters.”

The Frame Choice selector at the top of the FORETELL website allows users to view
forecasts up to 30 hours into the future. In general, the 6 to 12-hour and 30-hour forecasts were
most often selected over both winters.? The 30-hour forecast time period was most often
selected by users to be specifically reviewed, with nearly double the number of page views than

? Not including conditions selected by users who accessed the FORETELL site using the non-Java WebFT user ID.
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any other time period. However, it should be noted that FORETELL added a new feature to
display live radar data for Year 3, and that FORETELL does not have the ability to record
information that distinguishes between time periods selected for forecast data and live radar data.

The animate function (a slow motion time-lapsed view of how conditions will change)
was the most frequently used FORETELL feature. However, during the evaluation period, the
FORETELL software was improved to recall the last feature selected for display by the user and
to open the next session with this feature. With this improvement, the system recalls the last
display when the user logs in, and the default login choice is no longer tracked.

FORETELL allows users to display data in a graphical manner. Over both winters,
temperature and precipitation accumulation were the graphed conditions most often selected by
4
users.

While user access data provide meaningful information on the use of the system by all
users, the evaluation results presented in subsequent sections of this report are based on data
collected by the evaluation team through surveys and discussions with individuals representing
each of the user groups. Conclusions are based on the survey and interview data.

* Not including conditions selected by users who accessed the FORETELL site using the non-Java WebFT user ID.
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3.0 EVALUATION RESULTS

The results from each survey/interview are summarized in Section 3.1 for HMOs and
Section 3.2 for the other five user groups. One set of questions was common across all surveys.
These questions had to do with where the user usually obtained weather information and the
usefulness of the information from FORETELL. The results of these cross-cutting questions are
summarized in Section 3.3.

Overall, the results from the surveyed user groups indicate that FORETELL was a useful
website for weather information for surface transportation. However, there are still a number of
outstanding issues associated with user acceptance of the information and accuracy of the
nowcast and pavement temperature predictions. Limited use due to mild winter conditions in the
Midwest during two of the three evaluation years was another issue. One positive aspect of
FORETELL was the development of a website that integrated weather and transportation system
data into a one-stop-shop of actual weather reports and forecasts of weather and pavement
conditions. State maps showed major interstate and state highways superimposed along with
detailed weather conditions. The weather information was primarily focused on transportation
issues. The FORETELL site also included several innovative features, such as meso-scale (a few
kilometers to some tens of kilometers) models using NWS data (Geer, 1996), the integration of
several sources of existing data, and data that were accessible to a wide audience. FORETELL
also provided some information not found elsewhere, such as forecasted dewpoint and pavement
condition information. Another indirect benefit of the FORETELL website was the additional
training that was provided to HMOs to instruct them on how to best utilize the site. During the
training, there were several discussions that related to highway winter maintenance strategies
(e.g., plowing, spreading abrasives, applying anti-icing/deicing chemicals). HMOs were
educated on how to obtain the appropriate information from the FORETELL website to better
make road treatment decisions.

A key component of the evaluation was to test the assumption that the FORETELL
website provided information that changed users’ decision effectiveness. It was determined that
the training associated with the use of the FORETELL website and other weather information
sources that was provided to HMOs significantly increased their use of dewpoint information.
On the other hand, CVO actions were generally not affected by the information because they
needed to make their deliveries regardless of weather conditions. In general, users’ confidence
in weather-related decisions was increased by the use of FORETELL. Nearly one-third of all
users indicated that FORETELL changed their actions. Over half of all users want to continue
using FORETELL in the future. However, less than 20 percent indicated that they would be
willing to pay for access to the FORETELL website in the future.

Several school administrators and state patrol attended the FORETELL training provided
to the HMOs. The remaining user groups were provided a user manual and training guide in lieu
of a focused training program. The user manual and training guide, developed by Castle Rock
Consultants, is provided in Appendix G. Once they consented to participate, the CVOs, highway
patrol personnel, transit operators, and traffic managers were given an access username,
password, and the training materials developed by Castle Rock Consultants. These users for the
most part only had access to the FORETELL website for the winter of 2001-2002, and the
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weather was considered very mild compared to previous years, so the number of times they
needed to access the FORETELL website was limited.

31 Highway Maintenance Operators

This section presents the results of the data collection effort for HMOs, the primary user
group evaluated. This section presents an overview of the data collection effort and describes the
types of weather-related information used by HMOs, HMOs’ acceptance of the FORETELL
system, the impact of FORETELL information on HMOs’ decision processes, and the effect of
FORETELL information on other factors such as safety and environmental conservation.
Conclusions are offered on the basis of the data collected from HMO surveys.

3.1.1 User Group Overview

To measure the impacts of the FORETELL program on the decision-making of HMOs,
three sets of survey information were obtained: baseline information and follow-up information
from two subsequent winter seasons. In addition, HMOs completed activity/weather logs
following each weather event in order to characterize the use of FORETELL information on a
per-event basis. The logs collected data characterizing the weather events and the decisions
made during these events, as well as the information used and the sources from which the
information was obtained.

The baseline survey was conducted in November 1999. Self-administered questionnaires
were mailed to 85 HMOs in Iowa, Missouri, and Wisconsin. Activity/weather logs were mailed
to the same operators in lowa and Missouri. Operators in Wisconsin did not complete
activity/weather logs because they already complete a similar log as part of their job. In
addition, contractually, Wisconsin could not request this of their operators. Sixty-six of the
HMOs completed the baseline survey, while 37 operators returned a total of 224 logs during the
baseline winter of 1999-2000. The Wisconsin log data were not incorporated into the analysis
results because the data were unavailable.

The two follow-up surveys and activity/weather log data collections were conducted
during and following the winters of 2000-2001 and 2001-2002. Each of the follow-up surveys
was conducted using an Internet-based survey located on a secure website. Eighty-seven HMOs
completed the first follow-up survey in 2001, and 47 completed the second follow-up survey in
2002. A total of 229 logs were returned by 28 operators during the winter of 2000-2001, while
136 logs were returned by 14 operators during the final evaluation year.

The response rate (the number of completed surveys/number of solicited surveys) for
each survey was: 78 percent for the baseline survey, approximately 75 percent for the first
follow-up survey, and approximately 71 percent for the second follow-up survey. A similar
calculation cannot be made for the activity/weather logs since the completion of a log is
dependent upon a weather event actually occurring. As noted earlier in Section 2.1, the severity
of the weather generally declined from the first to second follow-up data collection. Section 4.1
provides a summary of the data collected from the activity/weather logs.
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The following sections describe the results of the HMO survey and activity/weather log
data analysis. The results are grouped by Information Used, User Acceptance, Decision
Effectiveness, and Other Factors. In addition to the information presented here, Appendix A
contains the data collection instruments along with summary tables of the data collected.

Tables A-1 and A-2 describe the information collected from the activity/weather logs.

Tables A-3 through A-6 summarize the HMO survey data for all states combined and by each
state individually. Each table in Appendix A displays the number and percentage of responses to
the questions from the baseline, first follow-up, and second follow-up surveys. In addition, a
Chi-Square test was conducted to test for a change in the distribution of responses between
surveys, taking into account repeated responses from the same respondent over a multi-year
period. The p-values (i.e., observed statistical significance level) computed from the Chi-Square
test are presented in the tables as well. Due to sparse data, responses from questions using the
5-point Likert Scale (e.g., Strongly Disagree to Strongly Agree) were collapsed into positive and
non-positive categories. For instance, Strongly Agree and Agree were considered positive
responses, while Strongly Disagree, Disagree, and Neutral were considered non-positive
responses. If the response categories could not be dichotomized into positive/non-positive
responses, the test was not performed. In addition, the test could not be performed if one of the
response categories contained a zero frequency. Each special case is indicated in the tables.

The following sections summarize the most pertinent information found in Table A-3.
Figures describing the data collected across the surveys are also included below. In all figures,
“Y'1” represents the baseline survey (Evaluation Year 1, 1999-2000), “Y2” corresponds to the
first follow-up survey (Evaluation Year 2, 2000-2001), and “Y3” corresponds to the second
follow-up survey (Evaluation Year 3, 2001-2002).

3.1.2 Information Used

Information Used refers to the types of weather-related data HMOs use in their road
treatment decisions. They were asked which of the following types of weather information they
used in making weather-related decisions: wind speed/direction, precipitation, atmospheric
temperature, pavement temperature, pavement condition, and dewpoint. For each type of
weather information used, they were asked whether they used actual readings, forecasted
readings, or both.
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As can be seen in Figure 3.1, HMOs tended to rely on both actual and forecasted
information when a particular weather source was used.

Figure 3.1
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Forecasted and/or Actual Type of Weather Information.
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Fewer HMOs depended on forecast information for wind speed/direction, precipitation,
atmospheric temperature, pavement temperature, and pavement condition in the evaluation years
compared to the baseline year. There was a general decline in the percentage of HMOs that used
each type of weather information from the baseline to the second evaluation year. Dewpoint was
used the least of all weather information being utilized. However, it was still used by more than
half of the HMOs during the course of the evaluation.
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The follow-up surveys asked HMOs to indicate which sources of weather information
they obtained from FORETELL. Figure 3.2 shows that roughly 50 percent of the operators
surveyed obtained wind speed or direction, precipitation, and atmospheric temperature
information from FORETELL. Between 30 percent and 50 percent of HMOs utilized
FORETELL-supplied information on pavement temperature, pavement condition, and dewpoint.
With the exception of atmospheric temperature and dewpoint, there was a slight decline in the
percentage of HMOs that obtained information from FORETELL between the first follow-up
and the second follow-up surveys. However, there were no statistically significant differences
over time in the percentage of HMOs that obtained any type of weather information from
FORETELL, which suggests that the use of FORETELL remained consistent across the
evaluation, at least for the components covered in the surveys.

Percent Use

Figure 3.2
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Figure 3.3 illustrates the percentage of HMOs who used weather information daily,
weekly, before a weather event, during a weather event, or after a weather event, along with the
breakdown of how often. The baseline survey asked about weather information in general, while
the evaluation periods refer specifically to information obtained from the FORETELL system.
As can be seen in the figure, information was obtained at roughly the same rate before and
during an event, with greater emphasis on obtaining the information hourly during a weather
event. There was less frequent collection of weather information after a weather event occurred.
This type of use is consistent with HMOs mobilizing before and during a weather event and then
returning to routine monitoring after the event has occurred.

The declines, from the baseline survey to both follow-up surveys, in the percentage of
HMOs using weather/FORETELL information daily and before, during, and after an event are
statistically significant. However, the declines from the first follow-up to the second follow-up
are not statistically significant. Several factors could explain these results. For instance, the
mild winter during the second follow-up portion of the evaluation could account for some of the
decline in use of weather information in general (see Figure 3.1). Another potential explanation
is that the information from FORETELL was sufficient for the operators to decrease their
frequency of access.

100%
90%
80%
70%
60%

50%

Percent Use

40%

30%

20%

10%

Y1 Y2 ¥3 Y1 Y2 Y3 Y1 Y2 ¥3 Yi Y2 ¥3 Y1 ¥2 Y3
Daily Weekly Before During After
I Twice Daily I 4 Times Daily I Every Other Hour
At Least Hourly I No Response I Not Applicable

Figure 3.3 Percent of Highway Maintenance Operators who Indicated How Often
Weather Information was Obtained.
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3.1.3 User Acceptance

In this context, User Acceptance refers to the opinions of the HMOs who actually used
FORETELL and the value they place on the FORETELL information they receive. For example,
HMOs were asked how helpful the general weather information (baseline) or FORETELL
information (follow-up) was to them in determining which snow and ice control strategies of
anti-icing, de-icing, traction enhancement, and mechanical removal to employ. Figure 3.4 shows
that the relative percentage of HMOs who found the information helpful (magenta and yellow
sections combined) for their strategies was significantly higher, statistically, in the baseline year
than in the two evaluation years. One possible explanation could be that HMOs were not using
the technology once the novelty had worn off, but another possible explanation could be that the
second evaluation winter (2001-2002) was much milder, so weather information was less of a
factor during that time.
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Figure 3.4  Percent of Highway Maintenance Operators who Indicated How Helpful
Weather Information was for Employing Show and Ice Control Strategies.
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HMOs were also asked how understandable, usable, easily obtainable, accurate, and
useful each type of weather information was to them. Recall that the baseline survey asked these
questions about general weather information, while the follow-up surveys asked about
FORETELL information specifically. Figures 3.5a through 3.5f illustrate the results of these
quality assessments for each type of weather information for the HMOs who reported using
FORETELL.

Approximately 40 percent of HMO users perceived that the wind speed/direction
information provided by FORETELL was accurate (see Figure 3.5a). A very high percentage of
HMO users, ranging between 50 percent and 90 percent, found the information provided by
FORETELL to be understandable, usable, easily obtainable, and useful. Over time there
appeared to be a decrease in the percentage of HMOs who agreed that the FORETELL
information was understandable, usable, easily obtainable, and useful. However, only the
decline from baseline to second follow-up information was statistically significant when judging
how easily the weather/FORETELL information was obtained. This result may indicate a
frustration with accessing information via the Internet, given the available resources for doing so
(see Section 4.3). Figures 3.5b and 3.5¢ show similar results for precipitation and atmospheric
temperature information.
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Figure 3.5a Percent of Highway Maintenance Operator Users who Agree with Certain
Characteristics Associated with Wind Speed/Direction Information.
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Percent Agree

Figure 3.5b

Percent Agree

Figure 3.5¢
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Figure 3.5d illustrates that pavement temperature information showed a much sharper
decline in agreement from the baseline to the follow-up results than other weather information
over time. This could be a result of pavement temperature being more variable than others or
possibly being harder to predict. Overall, greater than 40 percent of HMOs using FORETELL
found the pavement temperature information to be understandable, usable, easily obtainable, and
useful. There were statistically significant differences in how understandable and usable the
pavement temperature information was when the baseline and second follow-up surveys are
compared, as well as when the first follow-up and second follow-up surveys are compared.
There were also statistically significant differences in how easily obtainable and accurate the
information was perceived to be between the baseline and each of the two follow-up surveys.
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Figure 3.5d Percent of Highway Maintenance Operator Users who Agree with Certain
Characteristics Associated with Pavement Temperature Information.
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In the baseline and first follow-up year, more than 60 percent of HMOs using
FORETELL responded that the pavement condition information was understandable, usable, and
easily obtainable (see Figure 3.5¢). However, less than 40 percent of HMOs surveyed in the
second evaluation year found the pavement condition information to be understandable, usable,
easily obtainable, accurate, and useful, which represents a statistically significant decrease for
understandability and usability. The percentage of HMO users who indicated that they agreed
that pavement condition information was easily obtainable was significantly lower, statistically,
in the second follow-up than in the baseline year. Also, the perception of usefulness was lower
in both follow-up years than in the baseline year. No other differences were statistically
significant.
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Figure 3.5e Percent of Highway Maintenance Operator Users who Agree with Certain
Characteristics Associated with Pavement Condition Information.
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The results for dewpoint information, as shown in Figure 3.5f, generally show much
lower HMO agreement toward the usability, accuracy, and usefulness of the dewpoint
information compared to wind speed/direction, precipitation, and atmospheric temperature.
However, more than 50 percent of all HMOs using FORETELL found the dewpoint information
to be understandable and easily obtainable. The results showed an increase over time in HMOs’
perception of usability. Also, there was a statistically significant increase in the perceived
accuracy of the information when the baseline and first follow-up surveys are compared to the
second follow-up survey. There was also a statistically significant increase in the usefulness of
dewpoint information from the first to the second evaluation year. No other comparisons were
significantly different, statistically.
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Figure 3.5f Percent of Highway Maintenance Operator Users who Agree with Certain
Characteristics Associated with Dewpoint Information.
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More than 30 percent of surveyed HMOs using FORETELL agreed that FORETELL
information (general weather information in the baseline survey) was sufficient for making
weather-related decisions, that it makes their jobs easier, and that FORETELL provides valuable
information not available from other sources (see Figure 3.6).

Approximately 40 percent of all surveyed HMOs who used FORETELL in the second
evaluation year, as compared to 30 percent in the third evaluation year, found FORETELL
information to be valuable and unique. These percentages are not significantly different,
statistically. However, there was a statistically significant decline from the baseline survey
(91%) to both follow-up surveys (38% and 29%, respectively) in the percentage of HMOs who
indicated that weather/FORETELL information made their jobs easier. The mild winter may
have made weather information in general, including FORETELL, less important to job
performance during the winter of 2001-2002.
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Figure 3.6  Percent of Highway Maintenance Operator Users who Agree with Overall
Qualities of Weather/[FORETELL Information.
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3.1.4 Decision Effectiveness

Decision Effectiveness characterizes the impact FORETELL information had on the
HMOs’ weather-related decisions. Figures 3.7a through 3.7f present the percentage of HMOs
who use weather/FORETELL information to determine what road surface treatments to apply
and when and where to apply them for each of the types of weather information included in the
surveys (wind speed/direction, precipitation, atmospheric temperature, pavement temperature,
pavement condition, and dewpoint).

Each of the figures displays a similar pattern: a high percentage of operators in the
baseline survey indicating use of the information for all three purposes (what, when, where),
with a somewhat lower, yet still large percentage, indicating use of the information from
FORETELL in the follow-up surveys. The notable exceptions are atmospheric temperature
(Figure 3.7¢) and dewpoint (Figure 3.7f). These figures show a lower overall percentage of
respondents indicating use of the information for road surface treatment decisions. Figure 3.7f
shows a statistically significant increase in the use of dewpoint information in road surface
treatment decisions, particularly in what treatments to apply. This could indicate that
FORETELL provided HMOs with a useful piece of information that they did not have access to
before.
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Figure 3.7a Percent of Highway Maintenance Operators who Use Wind
Speed/Direction Information in Road Surface Treatment Decisions.

Final Report 3-14 April 2003



100%

90%

80%

70%

60%

50%

40%

Percent Agree

30%

20%

10%

0%
Y1 ¥2 v3 Yi Y2 ¥3 Y1 Y2 ¥3

WHAT WHEN WHERE

I Strongly Agree I Agree

Figure 3.7b Percent of Highway Maintenance Operators who Use Precipitation
Information in Road Surface Treatment Decisions.
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Figure 3.7c Percent of Highway Maintenance Operators who Use Atmospheric
Temperature Information in Road Surface Treatment Decisions.
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Percent Agree

Figure 3.7d
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Figure 3.7f Percent of Highway Maintenance Operators who Use Dewpoint
Information in Road Surface Treatment Decisions.
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Figure 3.8 illustrates that roughly between 20 percent and 30 percent of the HMOs
changed their decisions based on wind, precipitation, atmostpheric temperature, pavement
temperature, pavement condition, or dewpoint information obtained from FORETELL. A
slightly higher percentage of HMOs indicated changing a decision using precipitation
information in the first follow-up survey, and a much lower percentage indicated changing a
decision using dewpoint information in the first follow-up survey. Figure 3.8 indicates that
FORETELL has successfully provided information that is used in the decision-making process.
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Figure 3.8 Percent of Highway Maintenance Operators who Indicated Changing a
Decision Based on FORETELL Information.

Overall, with all categories of information combined, 40 percent of HMO users in the
first follow-up survey and 32 percent of HMO users in the second follow-up survey indicated
changing a decision based on some type of FORETELL information.
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Figure 3.9 shows similar results for the questions of improving traffic efficiency (e.g.,
traffic flow, roadway mobility, roadway level of service), targeting snow and ice control
measures, conducting highway maintenance activities, deploying staff, the timeliness of
FORETELL information for making decisions, and the confidence in those decisions. The figure
shows that even though there are statistically significant decreases from the baseline survey to
the follow-up surveys in the percent of HMOs that perceive these improvements, still 20 to
30 percent do perceive some change for the better.

Just under 20 percent of the surveyed HMOs who used FORETELL indicated a
willingness to pay for FORETELL information, yet 88 percent in the first follow-up survey and
53 percent in the second follow-up survey indicated a desire to continue using it in the future.
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3.1.5 Other Factors

The evaluation effort aimed to answer questions of improved safety and less
environmental contamination with the use of FORETELL information. Results are shown in
Figure 3.10 below. Approximately 20 percent of the HMOs indicated that using information
provided by FORETELL resulted in a quicker return of the roadways to a targeted level of
service, an increase in the safety of their own workers, and a reduction in the amount of chemical
applications needed. No other information was available for assessing these issues.

The activity/weather log information collected from the HMOs during each weather
event was intended to characterize the weather conditions during the evaluation period, as well
as summarize the impact FORETELL information had on each weather event. Unfortunately,
only the former assessment was possible (see Section 4.1 for details). An attempt was made to
develop a statistical model that would characterize the time to return to a targeted pavement
condition in terms of other event-specific information such as amount and type of precipitation,
worst pavement condition, and whether or not FORETELL information was used for decisions.
A total of 589 logs were returned, with 98 logs indicating the use of FORETELL information.
This small amount of information was not sufficient to support the development of planned

models.
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Another potential contributor to the results of this evaluation is the amount of
FORETELL training received by the participants. It is not known exactly how many of the
responding HMOs received training on the use of the FORETELL system; however, it was
offered in all three states on at least two occasions with reasonably good attendance. The
difference in survey responses by HMOs who received training and those who did not is a
potentially confounding effect that cannot be measured.

3.1.6 Conclusions

The results of the HMO surveys indicate some success of the FORETELL system within
this user group:

* Anywhere from 30 percent to 60 percent of the respondents used FORETELL
information.

*  More users found the information helpful than not helpful in snow and ice control
decisions.

* A very high percentage of HMO users, ranging between 50 percent and 90 percent,
found FORETELL information to be understandable, usable, easily obtainable,
accurate, and useful (for all categories of information combined).

* Approximately 30 percent to 40 percent of HMOs who used FORETELL found
FORETELL information to be valuable and sufficient and to make their jobs easier.

* Between 30 and 40 percent of the respondents who used FORETELL changed their
decisions based on FORETELL information.

* More than 50 percent of the respondents who used FORETELL want to continue
using FORETELL in the future.

* Just under 20 percent of the HMOs who used FORETELL would be willing to pay
for FORETELL information.

In general the survey results show positive feedback about FORETELL from the HMOs.
While the results do not provide an obvious argument for the continuation of FORETELL, there
are several factors that could be influencing that result, most importantly, the weather.
Unfortunately, too few of the HMO survey respondents also completed activity/weather logs.
Therefore, it was not possible to combine the weather information collected from the logs with
the actual survey responses.

3.2 Other User Groups
This section presents the results of the data collection effort for CVOs, highway patrol,

school administrators, transit operators, and traffic managers. For each user group, an overview
of the data collection effort is presented, along with a description of the types of weather-related
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information used, users’ acceptance of the FORETELL system, the impact of FORETELL
information on users’ decision processes, the effect of FORETELL information on other factors
such as safety and environmental conservation, and conclusions that may be drawn from the data
collected.

3.2.1 Commercial Vehicle Operators

3.2.1.1 User Group Overview

CVO personnel include truck drivers, dispatchers, terminal managers, safety
coordinators, as well as vice presidents, presidents, and owners of trucking companies. This user
group makes decisions in routing, schedules, and other operational parameters resulting from
weather conditions to ensure the efficiency and safety of their operations. CVOs in the states
involved in the FORETELL test accessed the FORETELL website in hopes of better
understanding winter road conditions and making decisions regarding operations (e.g., trip
deferral, departure time, route choice).

The effectiveness of the FORETELL website at disseminating relevant information to
CVOs was evaluated through telephone interviews and records of their access to the website.
Telephone interviews were conducted to assess the extent to which CVOs used FORETELL
information (user acceptance) and to measure their ability to improve weather-event decisions
(decision effectiveness), reduce exposure to unsafe road conditions (safety and security), and
reduce delay (efficiency). An interview guide was developed to assist in conducting the
telephone interviews. The guide provided consistency in the interviews while allowing
information suitable for the analysis to be collected. Appendix B contains the interview guide
used during the interviews, along with a summary of the responses to each question.

A 2000-2001 directory/list of 1,063 CVOs traveling in or through Iowa, Wisconsin,
and/or Missouri was obtained. Due to time and resource constraints, nearly 100 randomly
selected CVOs were contacted to gauge their level of interest and determine whether they had
access to the Internet. Only 34 companies agreed to participate, and these therefore became a
convenience sample of CVOs in the three test states. Some identified participants made use of
the FORETELL website during the winter months of 2001-2002 to obtain road surface and
weather condition information.

The evaluation team interviewed the potential evaluation participants, via telephone,
about their use of the FORETELL system, how well the system worked (system acceptance), the
purpose the information was used (e.g., routing or timing alterations/planning — decision
effectiveness), and whether it provided improvements in safety, mobility, and operation.

The participating CVOs were divided into categories based on the number of drivers, as
an indicator of the company size. Three categories of CVOs were developed for analysis:

* Smaller Companies — 1 to 24 drivers

e  Medium Companies — 25 to 50 drivers
* Larger Companies — 51 to 900 drivers
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As shown in Figure 3.11, 15 of the 34 CVOs completed interviews. They represent 487 drivers
that travel in the three test states, as well as throughout the continental United States.

15
14
13
12
11

10

Number of Companies

1

0
110 24 Drivers 25 to 50 Drivers 51 to 900 Drivers All Companies

Figure 3.11 Number of Commercial Vehicle Operators Completing Interviews, by
Company Size.

The interview questions strived to understand whether CVOs accepted weather and road
condition information, if the information assisted in the effectiveness of their decisions, and if
the information improved operations and safety. These questions were asked under the scenarios
of “before knowing of FORETELL” and “after being introduced to FORETELL.” Respondents
may have differed in their responses to questions because they were uncertain whether the
questions assumed that they would replace all other information sources with the FORETELL
system or add the FORETELL system to their existing information sources.
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Training materials, with assigned usernames and passwords, were sent to personnel
willing to participate in the evaluation. Figure 3.12 identifies the percent of CVOs interviewed
from each category that received training material and, of those, who felt the training material
received was useful. The figure shows that many operators in the small- and medium-sized
companies received the training material.

Some larger CVOs indicated that they did not find the training material to be useful.
Companies that found the training material to be useful indicated during the interview that it was
only useful in logging onto the website.

Figure 3.12
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3.2.1.2 Information Used

The first part of the telephone interview concentrated on finding out what weather and
road condition information CVOs sought and from what sources the information had been
obtained before the users had knowledge of the FORETELL system. Figure 3.13 shows the
types of weather-related information sought by CVOs and whether they used actual and/or
forecasted information.
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Figure 3.13 Percent of Commercial Vehicle Operators who Indicated Using Various
Weather-Related Information from Sources Other than FORETELL.
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Based on the information collected from this interview process, CVOs do not readily seek
wind information, actual or forecasted. Companies favor information on precipitation,
temperature, and pavement conditions. Perhaps viable wind, pavement temperature, and
dewpoint information is not available among accessible sources. Available sources used to
obtain the needed weather and road surface information are presented in Figure 3.14.

The CVO community has a variety of information sources providing current and
forecasted weather and road condition information. However, the readily available, accessible,
and en-route sources are those used frequently by CVOs. Figure 3.14 shows that the CVOs
utilize AM/FM radios, private forecasting service, CB radios, television, cellular telephones, the
Internet, and word of mouth to obtain weather and road condition information. Word of mouth
(e.g., CVOs talking with each other at rest stops) is the most popular source, because it provides
current, en-route information from very viable sources. Due to growing popularity, CVOs are
installing, learning, and obtaining more information from the Internet.
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Figure 3.14 Percent of Commercial Vehicle Operators who Indicated Other Sources of
Weather Information were Available to Them and How Often Each Source
was Used.
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Figure 3.15 shows FORETELL information accessed by CVOs. They accessed wind,
pavement temperature, and dewpoint information from the FORETELL system, in contrast to the
case before FORETELL (see Figure 3.13). FORETELL’s interactive displays and maps
captured CVOs’ interest, according to respondents. CVOs did take time to view wind and
pavement temperature information that, when using previous sources, they had not. Also notable
was their interest in pavement temperature and condition. It is possible that FORETELL offered
this information which was not obtainable from other sources.

Figure 3.15
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Because the FORETELL system is an Internet website, analysis was completed to
discover how many of the CVOs already used the Internet to visit sites providing weather and
road condition information before having knowledge of the FORETELL system. The results are
shown in Figure 3.16. As would be expected, the three largest companies utilize the Internet
more than the other companies. Nearly 60 percent of all companies utilize the Internet often for
weather and road condition information.

Figure 3.16
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3.2.1.3 User Acceptance

In both the “before knowing of FORETELL” and “after being introduced to
FORETELL” scenarios, telephone interview questions strived to understand whether CVO
personnel accepted weather and road condition information. Figure 3.17 shows how well CVOs
accepted the information obtained from sources other than FORETELL. With questions ranging
from source availability to data accuracy, approximately one-half of the CVO respondents
agreed or strongly agreed that the information was acceptable.

The last column of Figure 3.17 (“The obtained information is very useful for the
organization’s operations’) shows that CVOs indicated that they were very divided or unsure
whether weather and road condition information was useful to their operations.

Thirty-three percent of the CVOs responded “Neither Agree nor Disagree” when asked this
question about the usefulness of other information sources. Approximately one-half of the
respondents neither agreed nor disagreed that the weather and road condition information was
accurate (47%) or up to date (40%). However, 87 percent agreed or strongly agreed that the
information was easy to access and readily available.
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Figure 3.17 Percent of Commercial Vehicle Operators who Indicated Agreement with
Certain Characteristics of Weather Information They Received from
Sources Other Than FORETELL.
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Figure 3.18 illustrates the interview responses concerning CVO acceptance of the
FORETELL system information. The difference between the results of the “before” and “after”
scenarios is not statistically significant. In both scenarios, CVO personnel found the information
to be accessible and easily obtainable. However, when users were asked if the information was
easy to understand, 67 percent of the CVOs reported they agreed or strongly agreed that the
“before” source information was easy to understand versus 47 percent of CVO users
understanding FORETELL information. Many CVOs replied that they neither agreed nor
disagreed for both scenarios, which could mean that they did not access the information or they
did not rely heavily on weather and road condition information sources to make decisions. The
uncertainty may suggest minimal use of weather and road condition information sources during
the mild winter season. However, a majority of the companies did accept the FORETELL
information.
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Figure 3.18 Percent of Commercial Vehicle Operators who Indicated Agreement with
Certain Characteristics of FORETELL Information.

Final Report 3-30 April 2003



Questions on the telephone interview guide probed into the frequency of FORETELL use
by CVOs and how their use correlated with weather events. Figure 3.19 shows the respondents’
frequency of use of the FORETELL system. Of the CVOs responding, approximately 30 percent
reported daily use and about 80 percent of the respondents used the system twice daily just
before, during, or after a weather event. Although not shown in the graph, 41 percent of the
respondents reported using the FORETELL system a “couple of times” during the winter season.
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Figure 3.19 Percent of Commercial Vehicle Operators who Indicated Use of
FORETELL Information at Various Time Intervals.
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While responding to the frequency of use questions in the telephone interview, some
CVOs expressed uncertainty in the number of times they had actually used the FORETELL
system. Therefore, FORETELL’s system records were accessed and logins to the system were
determined by looking specifically at CVO-assigned usernames and passwords. Figure 3.20
displays the number of times CVOs accessed the FORETELL system, by month, during
October 2001 through April 2002.

Figure 3.20, based on system records, shows that use of FORETELL was highest in
January (the yellow portion) after a very slow start (little use in October or November). Use
sharply declined thereafter. Figure 3.20 clearly shows that medium and larger companies
accessed the FORETELL system more often than smaller companies. There were some
discrepancies between what CVOs reported through the telephone interview and what the system
records showed. The infrequency of use demonstrated in Figures 3.19 and 3.20 supports the
statements by respondents that the mildness of this test winter led to a lack of familiarity with the
FORETELL system.
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Figure 3.20 Number of Times Commercial Vehicle Operators Accessed the
FORETELL Website, According to FORETELL System Records.
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3.2.1.4 Decision Effectiveness

Figure 3.21 shows the results of how the “before” information used by CVOs assisted in
their perception of their decision effectiveness. CVOs’ responses to the decision effectiveness
questions show many responses in the “Neither Agree Nor Disagree” category. This is an
indication that CVOs did not access the information or they did not rely heavily on weather and
road condition information sources to make decisions. The uncertainty may suggest minimal use
of weather and road condition information sources during the mild winter season.

Fifty-three percent of respondents did agree that information from other sources assisted them
during a weather event in overall operational efficiency. In addition, 60 percent indicated that
when they used the weather information they were more confident in their decisions.
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Figure 3.21 Percent of Commercial Vehicle Operators who Indicated the Weather
Information from Sources Other than FORETELL Made an Improvement in
Their Jobs.
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Figure 3.22 shows the responses to similar questions asked regarding information from
FORETELL. During the interview process, the majority of CVOs stated that they did not use
FORETELL information to alter trip routes (60%) or trip timing (53%). However, more than
50 percent of the respondents felt that the information was timely and that they felt confident in
making decisions using FORETELL information. In addition, 40 percent of the respondents
indicated that FORETELL information improved the overall efficiency of their operations. A
majority of the respondents indicated an acceptance of some aspects of FORETELL information
as presented, and 20 percent to 60 percent of the respondents perceived the information to offer
an improvement in their operations.

The results of the “before” and “after” scenarios do not vary significantly, statistically
speaking; 60 percent and 67 percent of CVOs reported that the “before” and “after” information,
respectively, increased confidence in their decisions. Fewer respondents agreed that having
FORETELL information improved operational efficiency. Again, these results may be related to
their lack of familiarity with the system due to insufficient use during a mild winter.
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Figure 3.22 Percent of Commercial Vehicle Operators who Indicated the FORETELL
Information Made an Improvement in Their Jobs.
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3.2.1.5 Other Factors

Figure 3.23 illustrates, for each company size category, whether information from the
“before” sources increased safety or reduced accidents. The opinions vary by category. All six
of the medium-sized companies felt that weather and road condition information increased
safety. Larger companies indicated that they have the flexibility to haul their goods in the
southern states during severe weather conditions or stay on the interstates. Thus, two of the three
larger companies agreed that having the information increased safety. The small CVOs were
divided in their responses to the question of increased safety from the use of weather

information.
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Figure 3.23 Percent of Commercial Vehicle Operators who Think Information from
Sources Other than FORETELL Increases Safety or Reduces Accidents.
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Figure 3.24 indicates whether CVOs felt having information from the FORETELL
system increased safety or reduced accidents. Again, many of the CVOs expressed no opinion
and felt they had not utilized the system sufficiently to voice an opinion on whether the
FORETELL information enhanced safety. Overall, 40 percent of CVOs in all size categories
responded “Neither Agree Nor Disagree.” However, two of the three larger CVOs responded
that information increased safety and reduced accidents. Three of the medium-sized companies
did not perceive increased safety as a result of using FORETELL information.
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The final question asked if the CVOs would continue to access information from the
FORETELL system. Figure 3.25 shows the general responses to this question by company size.
Overall, more than 50 percent of the CVOs indicated a willingness to use FORETELL
information in the future. However, three of the 12 CVOs responding from small- and medium-
sized companies were not willing to use the system in the future. Overall, 20 percent of the
CVOs opted to neither agree nor disagree to the continued use of FORETELL.
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Figure 3.25 Percent of Commercial Vehicle Operators who Indicated a Willingness to
Continue Using FORETELL in the Future.
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3.2.1.6 Summary of CVO Results

Key comments and results of the analysis learned from the telephone interview responses
are listed below:

* The number of respondents is not sufficient to draw statistically significant
conclusions.

* Many personnel suggested that they needed training and a harsher winter to fully take
advantage of and test the FORETELL system.

* Through specific comments, CVOs stated that FORETELL information lacked
coverage of their entire travel area. However, personnel liked the technology and
animation.

*  More than 65 percent of CVOs in every size category utilize the Internet for weather
and road condition information.

*  More than 50 percent of CVOs indicated a willingness to use FORETELL
information in the future.

3.2.2 Highway Patrol

3.2.2.1 User Group Overview

Highway patrol personnel make decisions that frequently must take into account the
current and projected weather and pavement conditions. Thus, highway patrol communication
personnel from lowa, Wisconsin, and Missouri were involved in the FORETELL evaluation and
made use of the FORETELL website during the winter months of 2001-2002 to better
understand winter road surface and weather conditions. The FORETELL system proposed
assisting the highway patrol user group in meeting their respective needs with better and more
timely weather information.

The effectiveness of FORETELL at disseminating this information to highway patrol
officers was evaluated through telephone interviews and records of their access to the
FORETELL website. Telephone interviews were conducted to assess the extent of highway
patrol use of FORETELL information (user acceptance) and to measure users’ ability to improve
weather event decisions (decision effectiveness), reduce exposure to unsafe road conditions
(safety and security), and reduce delay (efficiency). An interview guide, contained in
Appendix C, was developed to assist in conducting the telephone interviews. The guide
provided consistency in the interviews while allowing information suitable for analysis to be
collected.

The telephone interviews were conducted to gather data evaluating who used the
FORETELL system, how well the system worked (system acceptance), for what purpose the
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information was used (e.g., officer route or time assignments/planning — decision effectiveness),
and whether it provided improvements in safety, mobility, and operation.

Nineteen highway patrol personnel were contacted and agreed to participate in the
evaluation. Interviews were completed with information collected from 16 of the 19 highway
patrol personnel (7 in Iowa, 2 in Missouri, and 7 in Wisconsin) as shown in Figure 3.26. Low
participation by the Missouri highway patrol was apparently due to a lack of Internet access in
their district communication offices. (As discussed in Section 4.3, Missouri’s headquarters is the
only office currently with Internet access.) Where there were multiple FORETELL system users
in a single dispatch or communication center, a representative (usually the center manager) for
all office personnel completed the interview.

Number of Respondants

lowa Missouri Wisconsin All

Figure 3.26 Number of Highway Patrol Personnel Completing Interviews, by State.
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Training materials, including assignments of usernames and passwords, were developed
and sent to personnel willing to participate in the evaluation. Figure 3.27 identifies, by state, the
percent of highway patrol personnel interviewed who received some kind of FORETELL
training material or participated in a training course. The figure also indicates whether personnel
found the training to be helpful. A majority of the highway patrol personnel received training or
training material; of those, most found it to be useful.
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Figure 3.27 Percent of Highway Patrol Personnel who Received Some Form of
Training about the FORETELL System.

As with CVOs, the highway patrol interview questions strived to understand whether
highway patrol personnel accepted weather and road condition information, if the information
assisted in the effectiveness of their decisions, and if the information improved operations and
safety. These questions were asked under the scenarios of “before knowing of FORETELL” and
“after being introduced to FORETELL.” Respondents may have differed in their responses to
questions because they were uncertain whether the questions assumed that they would replace all
other information sources with the FORETELL system or add the FORETELL system to their
existing information sources.
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3.2.2.2 Information Used

The first part of the telephone interview concentrated on determining the type of
information sought by highway patrol personnel and the sources of that information prior to their
knowledge of FORETELL. Figure 3.28 shows the types of information desired by highway
patrol personnel for performing their duties. Highway patrol personnel were asked to indicate
whether the information obtained was actual or forecasted. Figure 3.28 shows that both actual
and forecasted data were sought by users. According to interview responses, actual data were of
most interest because users found that forecasted data were often unavailable or inaccurate.
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Figure 3.28 Percent of Highway Patrol Personnel who Indicated Using Various Types
of Weather Information.
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Sources (other than FORETELL) used by highway patrol personnel to obtain the needed
weather and road condition information are presented in Figure 3.29. The figure also illustrates
how often the information was used.

Of the highway patrol personnel who responded to the interview, 68 percent reported
using the collected weather and road condition information for highway patrol operations and
39 percent reported that the information was also used for dissemination purposes.
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Figure 3.29 Percent of Highway Patrol Personnel who Indicated Other Sources of
Weather Information Were Available to Them and How Often Each Source
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Because the FORETELL system is an Internet website, highway patrol personnel were
asked if they used the Internet to visit sites providing weather and road condition information
before they were introduced to the FORETELL system. Their Internet use is shown in Figure
3.30, by state. ITowa and Wisconsin personnel regularly use the Internet for obtaining needed
information. However, Missouri provides Internet access only for upper management. Thus,
Missouri’s responses to the telephone interview show one of the two respondents using the
Internet for weather-related information.
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Figure 3.30 Percent of Highway Patrol Personnel who Indicated Using the Internet to
Gather Weather-Related Information, by State.
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3.2.2.3 User Acceptance

Figure 3.31 shows how well highway patrol personnel accepted weather information
obtained from sources other than FORETELL (i.e., under the “before” scenario). With questions
ranging from source accessibility and pertinence to particular coverage areas and data accuracy,
a majority of the highway patrol respondents agreed or strongly agreed that the information was
acceptable. Some respondents were undecided. These general acceptance questions of “before”
sources of weather and road condition information provide an overall indication of how well
highway patrol personnel accept current weather-related information.
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Figure 3.31 Percent of Highway Patrol Personnel who Indicated Agreement with
Certain Characteristics of Weather Information They Received.
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The telephone interview progressed from information sought and used by highway patrol
personnel “before” being introduced to the FORETELL system to their acceptance and use of
FORETELL information. More detailed questions probed into personnel’s acceptance of the
information gathered from the FORETELL system. Results of these questions are shown in
Figure 3.32. Based on the acceptance responses of the interview in the “before” and “after”
scenarios, there were a slightly higher number of highway patrol users who responded that they
neither agreed nor disagreed with the “after” questions. However, these differences are not
statistically different. This uncertainty may suggest insufficient use of FORETELL during the
mild winter season. The mild winter reduced highway patrol personnel’s use, testing, and thus
familiarization with the new system. Approximately 55 percent to 87 percent of respondents did
agree that FORETELL information had characteristics of interest.
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Figure 3.32 Percent of Highway Patrol Personnel who Indicated Agreement with
Certain Characteristics of FORETELL Information.
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The telephone interview included questions asking how often highway patrol personnel
used FORETELL and how their use correlated with weather events. Figure 3.33 shows that no
respondents used FORETELL on a daily basis. Approximately 80 percent reported using
FORETELL information during a weather event, with about 10 percent of those personnel using

it hourly. In addition, 50 percent to 60 percent of the respondents used FORETELL before and
after weather events.
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Figure 3.33 Percent of Highway Patrol Personnel who Indicated Use of FORETELL
Information at Various Time Intervals.
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Figure 3.34 indicates the percent of respondents accessing various types of weather
information from the FORETELL system. Compared to Figure 3.28, (types of weather
information used prior to knowledge of FORETELL), a greater percentage of personnel
indicated accessing pavement condition information from the FORETELL system. Dewpoint
was not a valuable piece of information to many highway patrol personnel either before (Figure
3.28) or after (Figure 3.34) knowledge of FORETELL. Wind, precipitation, atmospheric
temperature, and pavement information were accessed by highway patrol personnel regularly
from the FORETELL website.
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Figure 3.34 Percent of Highway Patrol Personnel who Indicated Using Various Types
of FORETELL Information.
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By assigning usernames and passwords to each evaluation participant, system records
could show how often highway patrol personnel accessed the FORETELL system. At times,
there appeared to be discrepancies in the frequency of use as noted in the telephone interview
and recorded by the FORETELL system. The team based its conclusions on the interview
results. However, the system records are summarized here for completeness.

Figure 3.35 shows the number of times each user, by state, accessed the FORETELL
website, according to system records. The figure indicates that use of FORETELL was highest
in December (green portion) and slowly tapered off by April. Highway patrol personnel’s
limited access of the system may be a result of mild weather conditions during the 2001-2002-
winter.
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Figure 3.35 Number of Times Highway Patrol Personnel Accessed the FORETELL
Website, According to FORETELL System Records.
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3.2.2.4 Decision Effectiveness

Figure 3.36 shows that more than 70 percent of respondents felt that weather information
in general was useful in making decisions and helpful in taking specific actions.
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Figure 3.36 Percent of Highway Patrol Personnel who Indicated Having Weather
Information Was Helpful in Their Jobs.
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Figure 3.37 illustrates highway patrol personnel’s responses to questions pertaining to the
impact of FORETELL information on decision effectiveness. Questions related to the overall
efficiency of operations and respondents’ confidence in decisions made using FORETELL
information. In the “before” scenario, 75 percent of respondents strongly agreed or agreed that
other information sources assisted them in carrying out specific actions versus 57 percent of
respondents who used the FORETELL system. There was also a difference in the “before” and
“after” scenarios for responses related to the usefulness of information for making decisions and
for performing general work responsibilities. Approximately 75 percent of highway patrol
personnel agreed or strongly agreed that other sources are useful for making decisions and
performing general work versus 57 percent who responded favorably when asked this question
about FORETELL. The effect of FORETELL information on job performance is illustrated in
the Strongly Disagree and Disagree percentages, indicating dissatisfaction. Again, this may be
related to a lack of familiarity with the system due to insufficient use during a mild winter.
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Figure 3.37 Percent of Highway Patrol Personnel who Agreed to Improved Job
Performance Using FORETELL Information.
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3.2.2.5 Other Factors

Figure 3.38 indicates whether highway patrol personnel felt having information from the
FORETELL system increased their safety or reduced accidents among them. Responses
concerning safety are provided for each state. Many of the highway patrol personnel expressed
that they had not utilized the system enough to voice an opinion on whether the information
enhanced safety. However, more than 20 percent of respondents did perceive an improvement in
safety with the use of FORETELL information.
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Figure 3.38 Percent of Highway Patrol Personnel who Think FORETELL System
Information Increases Safety or Reduces Accidents, by State.
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Finally, the questionnaire asked if highway patrol personnel would continue to access
information from the FORETELL system. Figure 3.39 illustrates the general responses to this
question by state, which demonstrates some interest in the new system. Respondents stated that
FORETELL had potential.

Seven of the nine respondents in lowa and Missouri stated that they would continue using
the system in the future if it were available. A majority of Wisconsin respondents felt that
system improvements needed to be made before they would commit to the continued use of
FORETELL. Approximately 25 percent of highway patrol personnel interviewed chose to
neither agree nor disagree when asked if they would continue their use of the FORETELL
system.
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Figure 3.39  Percent of Highway Patrol Personnel who Indicated a Willingness to
Continue Using FORETELL in the Future, by State.
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3.2.2.6 Summary of Highway Patrol Results

Key comments and results of the analysis of the telephone interview responses are listed
below. Note that these results are based on at most 16 individuals. While a general sense of
FORETELL performance can be developed, firm conclusions should be avoided.

* Highway patrol personnel had limited use of the FORETELL system because of the
mild winter. They did not feel that they had fully tested its capabilities.

» Highway patrol users responded “Neither Agree Nor Disagree” to many questions
because they had not sufficiently used the system to make a decisive judgment.

* Highway patrol personnel felt the FORETELL system had potential; however, they
would rather pursue a system that could be integrated into their current operating
systems and tools rather than add yet another, more complicated, layer to their
operations.

* A majority of highway patrol users responding to interviews indicated a willingness
to continue using FORETELL in the future.
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3.2.3 School Administrators

3.2.3.1 User-Group Overview

Nine school administration personnel in lowa were identified as potential users of
FORETELL during the winter of 2001-2002. Most of these personnel were school
superintendents. One was Director of Personnel. The nine lowa school administration personnel
identified were part of a University of Northern lowa (UNI) program to bring weather
information to schools. As part of the UNI program, all nine school administrators attended
training for FORETELL and for another weather information service.

In order to evaluate the use of FORETELL and its impacts on user decisions, a hard-copy
questionnaire and an activity/weather log were developed to collect data from the nine school
administration personnel identified as potential users of FORETELL. In January 2002,
activity/weather logs were mailed to the nine school administrators to collect weather-related
information on a per-event basis. In April 2002, hard-copy, self-administered questionnaires
were mailed to the nine school administration personnel along with postage-paid return
envelopes. Copies of the school administrator activity/weather log and questionnaire are
provided in Appendix D.

Few data were obtained from this data collection effort. One activity/weather log was
returned. Five of the nine (56%) school administration personnel surveyed returned
questionnaires. Of these, three respondents did not complete the survey beyond the third
question because they did not use FORETELL. This section summarizes the results of the
school administrator survey and activity/weather log information collected for the winter of
2001-2002. Table D-1 in Appendix D contains the summarized responses to the school
administrator survey.

3.2.3.2 Information Used

The school administrator survey was designed to gather details regarding the types of
weather-related information that are useful and accessible to school administrators in making
decisions such as whether to cancel school, close school early, reroute buses, and so on.

Four survey respondents indicated the types of information that they used in making
weather-related management decisions. All four used snow accumulation, precipitation,
atmospheric temperature, and radar. Three of the four also used road conditions and visibility
information in making weather-related management decisions. Whether respondents used
forecast information or actual readings varied.

Only two survey respondents indicated that they used FORETELL. Both respondents
relied most heavily on local weather information for atmospheric temperature, with one
respondent commenting that it was easier to access than FORETELL. Both relied most heavily
on FORETELL for radar information. One respondent also relied on FORETELL for
accumulation, precipitation, road conditions, and visibility. The other respondent commented
that he relied on local television/radio reports in addition to FORETELL because it was a trial
year for the FORETELL system.

Final Report 3-b4 April 2003



The activity/weather log was also designed to gather information regarding the types of
weather-related information that are useful and accessible to school administrators, as well as
information on weather events that occurred, decisions made, weather information used, and
outcomes that resulted from the event (e.g., bus accidents). A single activity/weather log was
returned indicating a snow event with accumulation and drifting. The respondent used
FORETELL during the event to obtain the following types of weather-related information:
accumulation, road decision support, precipitation, atmospheric temperature, road snow depth,
road conditions, radar, and visibility. The respondent also used local television stations and web
sites for atmospheric temperature and road condition information. Both forecast and actual
readings were used for all types of weather information obtained.

Notable comments from the two survey respondents who used FORETELL related to the
accuracy of information obtained from FORETELL. One respondent commented that the
information from FORETELL was very accurate. The other noted that, compared to local
television and radio, FORETELL provided more accurate information, more quickly.

Both respondents agreed that the information from FORETELL was understandable,
usable, accurate, easily obtainable, and useful. Neither respondent used FORETELL daily, but
both respondents used FORETELL weekly, in advance of a weather event, and during a weather
event.

3.2.3.3 User Acceptance

One of the respondents who used FORETELL during the winter of 2001-2002
commented that the winter was very mild and he did not need to use FORETELL very often.
Three respondents indicated that they did not use FORETELL because the winter was too mild.
Another school administrator returned the cover letter with a note stating that he was not able to
complete the survey because the weather was so mild. The winter weather obviously had an
effect on these respondents’ needs for weather-related information and, thus, their use, or lack of
use, of FORETELL. Both of the respondents who used FORETELL stated that they would like
to use FORETELL again.

3.2.3.4 Decision Effectiveness

Both survey respondents who used FORETELL agreed that:

* Information from FORETELL helped them make more effective decisions to close
schools early, close schools for the day, and change bus routing or scheduling;

* They were more confident in their decisions when they used information from
FORETELL,;

* FORETELL provided timely (up-to-date) information for making weather-related
decisions; and

* FORETELL information helped to improve the overall efficiency of their operations.
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The single activity/weather log received reported no decisions made as a result of a
winter snow event.

3.2.3.5 Other Factors

Both survey respondents who used FORETELL agreed that FORETELL information
helps to improve safety or reduce accidents. Additional comments from these respondents
related to the feasibility of schools using FORETELL. One respondent reported problems
logging onto FORETELL from the school’s computer system. One respondent commented that
FORETELL is a useful aid but that it may be difficult for the school to justify expending funds
for the service at the present time.

3.2.3.6 Summary of School Administrator Results

It is important to note that the school administrators’ use of FORETELL was limited due
to the mild winter and that the number of respondents who used FORETELL during the winter of
2001-2002 (2) is not sufficient to draw statistically significant conclusions. Based on the
responses from these two school administration personnel, FORETELL:

* Improved the overall efficiency of school administration operations,

* Improved safety/reduces accidents,

* Provided timely (up-to-date) information for making weather-related decisions,

* Increased confidence in making weather-related decisions, and

* Helped school administrators make more effective decisions.

Both respondents who used FORETELL felt that FORETELL was useful and indicated
that they would like to continue using the system. However, it is uncertain whether school
administrators would be willing to pay for information from FORETELL.
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3.2.4 Transit Operators

3.2.41 User Group Overview

Fourteen transit agencies were identified as potential FORETELL system users. Nine of
these agencies were in lowa and were identified by FORETELL through contact by the lowa
Department of Transportation. The evaluation team also verified through both electronic mail
and telephone contact that the nine transit agencies in lowa planned to participate. The
evaluation team solicited an additional four agencies in Missouri and one in Kansas
(Kansas City, Missouri, area) to participate in the FORETELL evaluation.

The evaluation of the transit agency users was anticipated to be a telephone survey.
Appendix E contains the interview guide developed for this purpose. The interview would
ascertain the acceptance by transit agencies of the FORETELL system and its effectiveness in
making decisions. Twelve of the fourteen agencies were contacted by telephone, but limited
responses to the interview questions were obtained.

3.2.4.2 Information Used

Nine of the agencies contacted indicated that they did not use FORETELL during the
winter of 2001-2002:

*  One of the non-users indicated that he was unable to access the system.
¢ Another non-user said that he used local media for information.
¢ A third non-user stated that he found it easier to use a different website.

* A fourth indicated that he had used it last year, but tried once this year and had
trouble accessing the system.

In contrast to the responses by the nine agency contacts indicating that they did not use
FORETELL during the winter of 2001-2002, the user log for the winter of 2001-2002 (provided
by Castle Rock Consultants) indicated that of the documented non-user agencies, one had
accessed FORETELL 39 times: 24 times in March and 15 times in April. Another non-user
agency had accessed FORETELL 33 times: 26 times in March and 7 times in April. No
explanation for these apparent discrepancies can be offered other than the agency contact did not
wish to be interviewed, the contact person forgot about accessing FORETELL, or the contact
person was not the person who accessed the FORETELL site. Due to limited responses to the
telephone interviews, no information was obtained on the different types of weather-related
information used by transit operators.

3.2.4.3 User Acceptance/Decision Effectiveness

There were few responses to interviews and little use of FORETELL by transit agencies.
The three agencies that used FORETELL provided the following anecdotal comments:
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* One stated that FORETELL was not helpful.

*  One used FORETELL during two storms and thought that the information might be
useful for street maintenance operations but was not helpful for his operations.

* The third stated that he could not understand whether or not FORETELL was useful
for decision-making. He did access road temperatures a couple of times when it was
raining (“just to see if it would help”’). However, he mostly relied on a local
television station to track a storm’s progress. He commented that, “In reality,
though, the weather wasn’t bad enough to give the system a fair shot.”

3.2.4.4 Summary of Transit Agency Results

Though limited responses were obtained from transit agencies, the following
observations are offered:

* The number of responses is not sufficient to draw any solid conclusions.

* For the agencies providing feedback, training is essential to ensure that users know
how to access the available information and to demonstrate how to incorporate the
appropriate information into their decision processes.

* The weather during the winter of 2001-2002 may have been too mild to provide
sufficient significant weather events to test users’ acceptance of the system.

3.2.5 Traffic Managers

3.2.5.1 User Group Overview

The final potential user group of the FORETELL system evaluation was traffic managers.
This user group consisted conceptually of state DOT or local government agency personnel with
at least somewhat comprehensive responsibility for managing transportation infrastructure
components aimed at improving traffic operations. Personnel making transportation impact
decisions are generally also linked to a wide variety of information sources in order to maintain a
clear, resolute picture of the changing conditions on facilities within their purview. In the
current transportation management environment, this user group consists almost exclusively of
traffic operations center personnel.

Prior to the evaluation period, only two traffic managers from local traffic operation
centers were identified as potential users to participate in the evaluation. While other traffic
operations centers in the three-state region covered by FORETELL were contacted, none was
both fully operational and prepared to engage in use of the system. While a FORETELL training
session was not provided to personnel at either of these centers, both were provided a training
guide and users’ manual. These documents served as the means for this user group to understand
the use of and access to the FORETELL system.
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Personnel at one of the centers reported using the FORETELL system on a number of
occasions and, therefore, were able to provide valuable feedback regarding their use of the
system. The director of the center was interviewed by telephone using the traffic manager’s
interview guide created prior to the evaluation period. The director indicated that three of the
seven staff members had used the system. This respondent received feedback from the staff and
incorporated their FORETELL experiences into the survey responses. The traffic managers
interview guide is provided in Appendix F.

3.2.5.2 Information Used

While the operations center personnel did use the FORETELL system, the respondent
commented that their winter was also more mild than typical. Nonetheless, the responses
indicated that personnel accessed the FORETELL site daily and, in association with weather
events, they sought the same kinds of information that they had used prior to FORETELL.
Specifically, they used precipitation, temperature, and pavement conditions both prior to and
during the evaluation period. In addition, they also indicated that they obtained wind speed
information from the FORETELL web site.

3.2.5.3 User Acceptance

Personnel found the site easy to access and understandable by comparison with other
sources of information. However, they noted some problems with the system from their
standpoint. First, the information was not detailed enough or specific enough to the areas in
which the center was interested. Second, access to the FORETELL system was not integrated
into the systems already in use at the center. This meant that operators had to pull away from
their normal duties and more traffic-oriented applications to access the FORETELL site. Also,
using FORETELL required Internet access, which may not always be available on all of the
workstations in the center. The director interviewed did not feel that the center would continue
to access the FORETELL system for weather information due to the lack of integration into their
existing systems. The benefits of the FORETELL system did not seem to warrant the extra
effort required to access an independent system to obtain information that they can generally
access through other means.

3.2.5.4 Decision Effectiveness

The director’s responses indicated that personnel thought that the information was
accurate but that they were not always able to verify the accuracy. They found that the
information was useful to some degree in aiding the center in taking action and that the
information helped them to do this more efficiently and confidently. They were able to use the
information to assist in adapting traffic control timing, roadway closures, and warning sign
deployments, and in their duties to pass information on to others. However, the respondent did
not feel that they had an opportunity to integrate use of the system into their daily operations
enough to be certain of this.
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3.2.5.5 Other Factors

Other possibilities, such as increased safety or reduced crashes, were also noted as
potential benefits but could not be determined during this brief evaluation period.

3.2.5.6 Summary of Traffic Manager Results

The traffic manager (center director) felt that the FORETELL system had great potential
to improve overall efficiency if used as a primary source of weather and road condition
information. The responses, however, indicated that the center did not have ample experience
with the system to be confident in the accuracy of the information, to integrate the system into
their operations, or to fully explore the possible applications for using the information.

3.3 Comparison across User Groups

This section presents information comparing the responses among the six user groups.
Information for transit operators is limited because no interviews were actually completed. The
discussion is arranged into categories that explain the types of information used, opinions
regarding that information, and the value of using that information.

Table 3.1 (at the end of this chapter) summarizes the responses obtained from each of the
user groups during their respective interview or survey. Each column contains the percentage of
respondents who indicated the particular item of interest, along with the number of respondents
upon which the percentage is based. Results are presented in this manner because not all
respondents answered every question. The total number of respondents within each user group is
reported in the column headings. The table is categorized into User Information, User
Acceptance, Decision Effectiveness, and Summary groupings.
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3.3.1 Information Used

Information Used encompasses the various types of weather information obtained before
and after FORETELL implementation. Respondents reported their use of wind speed or
direction, precipitation, atmospheric temperature, pavement temperature, pavement condition,
and/or dewpoint information in their decisions. In addition, they stated whether this information
was obtained, along with how often, from the FORETELL system.

Figures 3.40 — 3.42 illustrate the User Information results. Note that when interpreting
the graphical results, Table 3.1, presented at the end of this chapter, should be referenced to
determine how many responses were available for each particular item. Figure 3.40 shows that a
large majority of the users in each group indicated using precipitation, atmospheric temperature,
and pavement condition in their weather-related decisions, regardless of the source of the
information. Fewer respondents from each group indicated using wind speed/direction and
pavement temperature, while only HMOs indicated prevalent use of dewpoint information in
their decisions.
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Figure 3.40 Percent of Respondents Indicating Use of Various Types of Information in
Making Weather-Related Decisions, by User Group.
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Figure 3.41 summarizes the number of users who obtained information from the
FORETELL system. Not all respondents acquired the information that they used in their
decisions from the system. In fact, about half as many HMO respondents indicated receiving
their information from FORETELL, with the exception of dewpoint. More of the highway patrol
and CVO respondents specified obtaining pavement temperature and condition data from
FORETELL than actually using FORETELL information in their decisions. This suggests that
some users access FORETELL to peruse the available data even though they typically do not
utilize that type of information. The results presented in Figures 3.40 and 3.41 indicate that,
although users did access FORETELL information, they still relied heavily on their previous
sources of information. This could change over time as users become more familiar with and
gain confidence in the FORETELL system.
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Not many interviewed respondents reported accessing FORETELL information daily or

even weekly. However, Figure 3.42 shows that reported access to FORETELL increased prior to
and during a weather event.
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Figure 3.42 Percent of Respondents Indicating How Often FORETELL Information was
Obtained, by User Group.
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3.3.2 User Acceptance

User acceptance refers to opinions the user has regarding specific attributes of
FORETELL information. Figure 3.43 presents the percent of respondents in each user group
who agree or strongly agree that the FORETELL information is understandable, usable, easily
obtainable, accurate, up-to-date, and/or useful. The figure shows that a majority of respondents
in each user group agree with the listed characteristics. CVOs reported the fewest number of
favorable responses. However, some traits are defined by as few as five respondents, as
presented in Table 3.1.
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Figure 3.43 Percent of Respondents Indicating Agreement with Certain Characteristics
Associated with FORETELL Information, by User Group.
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3.3.3 Decision Effectiveness

Decision effectiveness characterizes the impact that using FORETELL information had
on the respondents’ weather-related decisions. For instance, Figure 3.44 illustrates that around
40 percent of the HMO respondents and more than half of the highway patrol and CVO
respondents received FORETELL information in a timely manner. Less than 30 percent of the
HMO users feel more confident in their decisions when FORETELL information is used, and
less than 30 percent of HMO users believe that the information improves safety and/or efficiency
of their operations. However, between 30 percent and 40 percent of HMO users indicated that
they changed their decision based on FORETELL information.

Greater than 40 percent of the highway patrol and CVO users stated that they were more
confident when FORETELL information was used and that it improved their operational
efficiency. The figure illustrates that FORETELL did not have an impact on changing decisions
or improving safety for many highway patrol and CVO personnel. Even though the graph
depicts 100 percent agreement among traffic managers and school administrators for most of the
attributes, those results are based on one or two total respondents.
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3.3.4 Summary of Results across All Respondents

This section presents the general FORETELL experience reported by respondents, along
with their future intentions regarding the FORETELL system. Figure 3.45 displays the percent
of respondents indicating that they received FORETELL system training, used FORETELL
information, wish to continue using FORETELL, and/or are willing to pay for the FORETELL
services. The HMO surveys did not directly ask if the respondent received FORETELL training
or used FORETELL. However, it is known that some training sessions were held for this user
group. Other questions in the surveys provide a general description of the use patterns among
HMO respondents. Section 2.3 presents further details on FORETELL system access for all user

groups.

More than 70 percent of respondents in the other user groups indicated receiving some
FORETELL training or training materials. All of the highway patrol, CVO, and traffic manager
personnel used the FORETELL system during the winter of 2001-2002. However, the number
of times the system was used was limited due to mild weather conditions. Greater than
50 percent of all respondents indicated a desire to continue using the FORETELL system in the
future. However, less than 20 percent were willing to pay for the service.
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Figure 3.45 Percent of Respondents Indicating General FORETELL Experience and
Future FORETELL Intentions, by User Group.
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Table 3.1 Comparison of Responses to Similar FORETELL Interview/Survey
Questions Among the User Groups 1
Percentage (Number of Positive Responses)’
: Ei N Highway | commercial | rcic School
Question Response Vehicle e
Follow- | Follow- Patrol Operators Managers | Administrators
; Up : ( Up ) (N=16) (N=15) (N=1) (N=5)
N=87 N=47
User Information
Wind Speed | 91.57% | 71.43% 81.25%
or Direction (76) (30) (13) 13.33% (2) | 0.00% (0) 0.00% (0)
0, 0, 0, )
What types | PreciPtation 97(;5?3/" 852'37(;)/" 10?1'25’ % | 100.00% (15) 100('10)0 % | 100.00% (4)
of weather Atmospheric | 77.50% 66.67% 100.00% 100.00%
information | Temperature (62) (28) (16) 80.00% (12) (1 100.00% (4)
do you use Pavement | 97.62% | 80.95% 100.00%
in making Temperature (82) (34) 31.25% (5) 20.00% (3) (1) 0.00% (0)
decisions? Pavement 89.29% | 76.19% 100.00%
Conditions 75) (32) 50.00% (8) | 53.33% (8) " 100.00% (3)
Dewpoint 55(453% 52('2"‘;% 6.25% (1) | 0.00% (0) | 0.00% (0) 0.00% (0)
Wind Speed | 51.95% | 50.00% 75.00% o 100.00% o
or Direction |  (40) (14) (12) 57.14% (8) (1) 0.00% (0)
What types | PreciPitation 532;5153% 47('1272)% 87('1513% 100.00% (15) 10(2'10)0% 50.00% (1)
of Atmospheric | 46.05% | 59.26% 87.50% 100.00%
information | Temperature (35) (16) (14) 86.67% (13) (1) 0.00% (0)
do you Pavement 42.86% 30.30% 81.25% 100.00%
obtain from | Temperature |  (33) (10) (13) 57.14% (8) (1) 0.00% (0)
FORETELL? | Pavement | 40.26% | 31.25% 93.75% 100.00%
Conditions (31) (10) (15) 86.67% (13) (1) 100.00% (1)
0, 0,
Dewpoint | 27 | 00 | 13.33% (2) | 667% (1) | 0.00%(0) | 0.00%(0)
. 27.78% | 11.76% 100.00%
Daily (20) ) 0.00% (0) | 33.33% (1) ) 0.00% (0)
0, 0,
Weekdy | 7% | 2007 | 2667% 4) | 0.00% (0) | 0.00% (0) | 100.00% (2)
H;&%fﬁgi:o "f” ad"a’:ﬁer 67.11% | 58.33% | 0 000r (61 | 100.00% (5) | 100-00% 100.00% (2
information | ©'@Wweathe (51) (21) 00% (6) -00% (5) (1) 00% (2)
from the Di\r/iir;ta
FORETELL 65.33% | 58.33% 100.00%
system? w:\it)r;?r (49) ? 21) ° | 81.82% (9) | 100.00% (11) ) ? 100.00% (2)
After a o o
weather 3“('22553" 26@; % | 62.50% (5) | 83.33% (5) | 0.00% (0) 50.00% (1)
event

AW -

No information is presented for the Transit Operators since official interviews could not be completed.
Statistics are based on the responses provided to each question.
This question was not asked on the HMO surveys. However, the operators did receive some training.

This question was not directly asked on the HMO surveys. However, user access information was available from
Castle Rock. See Section 2.3 for more details.
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Table 3.1 Comparison of Responses to Similar FORETELL Interview/Survey
Questions Among the User Groups ' (continued)
Percentage (Number of Positive Responses)2
HMO HMO .
. Response First Second Highway Co\rlr; r:ii:;:lal Traffic School
Question Follow- | Follow- Patrol Operators Managers | Administrators
Up Up (N=16) (N=15) (N=1) (N=5)
(N=87) | (N=47)
User Acceptance
Under- 91.07% 82.61% 87.50% o 100.00% o
standable (51) (19) (14) 46.67% (7) ) 100.00% (1)
0, o, 0, 0,
The Usable 89(;?99)/0 68('115?)4 81('1235)6 60.00% (9) 103'10)0 % 100.00% (2)
information Easily 69.64% | 47.83% 81.25% o o o
obtained from | Obtainable (39) (11) (13) 66.67% (10) 0.00% (0) 100.00% (2)
the 51.85% 69.57% 68.75% 100.00%
FORETELL Accurate (28) (16) (1) 33.33% (5) ) 100.00% (2)
it : 9
SYSIEMWaS: | yp-to-Date | N/A N/A | 56.25% (9) | 40.00% (6) 10?'10)0 o N/A
0, 0, 0,
Useful 7325?98)4’ 61('1930)4’ 75('102%/° 66.67% (10) | 0.00% (0) | 100.00% (2)
Decision Effectiveness
FORETELL
provides o o
information is Yes 43588)/" 41('19;‘)" 56.25% (9) | 53.33% (8) | 0.00% (0) | 100.00% (2)
a timely
manner.
You are more
confident in
31 0, o, 0,
yg&‘gedneﬁzfgs Yes 2"2'16;')/" 29&83 % | 43.75% (7) | 66.67% (10) 10(2'10)0 % 100.00% (2)
FORETELL
information.
You changed
your decision
based on 40.00% | 31.82% o o
information Yes (18) ) N/A 20.00% (3) N/A 0.00% (0)
from
FORETELL.
FORETELL
information
0, 0, 0,
imp*r‘g\'gsst;’fety Yes 25('1070)4’ 19@?”’ 25.00% (4) | 33.33% (5) 10(2'10)0 o 100.00% (2)
and reduce
accidents.
FORETELL
information
helps to o o o
improve the Yes 1?'18;)4 225? % | 43.75% (7) | 40.00% (6) 10?'10)0 % 100.00% (2)
efficiency of
your
operations.

AW -

No information is presented for the Transit Operators since official interviews could not be completed.
Statistics are based on the responses provided to each question.
This question was not asked on the HMO surveys. However, the operators did receive some training.

This question was not directly asked on the HMO surveys. However, user access information was available from
Castle Rock. See Section 2.3 for more details.
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Table 3.1 Comparison of Responses to Similar FORETELL Interview/Survey
Questions Among the User Groups ' (continued)
Percentage (Number of Positive Responses)2
o) b9 Commercial
Question Response First Second Highway Vehicle Traffic School
Follow- Follow- Patrol Overators Managers | Administrators
Up Up (N=16) ?N=1 5) (N=1) (N=5)
(N=87) (N=47)
Summary
Did you
receive any 3 3 81.25% o 100.00% o
FORETELL Yes N/A N/A (13) 73.33% (11) 1) 100.00% (5)
Training?
Did you use 4 4 100.00% 100.00% 100.00% o
FORETELL? Yes N/A N/A (16) (15) 1) 40.00% (2)
Do you want
to use 88.06% 53.33% 56.25% o o o
FORETELL Yes (59) (16) ) 53.33% (8) 0.00% (0) 100.00% (2)
in the future?
Are you
willing to pay 19.70% 20.00% o
for Yes (13) (6) N/A N/A N/A 50.00% (1)
FORETELL?

AW -

Castle Rock. See Section 2.3 for more details.
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No information is presented for the Transit Operators since official interviews could not be completed.

Statistics are based on the responses provided to each question.

This question was not asked on the HMO surveys. However, the operators did receive some training.

This question was not directly asked on the HMO surveys. However, user access information was available from
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4.0 EXTERNAL FACTORS

This chapter provides details on factors beyond the control of the evaluation team that
had significant impacts on the results. Section 4.1 provides a detailed analysis of the weather
information collected from HMOs during the evaluation. Sections 4.2 and 4.3 describe the
System Performance and Institutional Performance evaluations, respectively.

4.1 Weather Analysis

Part of the evaluation data collection included activity/weather logs completed by the
Highway Maintenance Operators (HMOs) in Iowa and Missouri. A separate log was to be
completed for each weather event. Information was collected on the temperature and
precipitation of each event, along with maintenance information such as worst pavement
conditions, road surface treatments, and whether or not FORETELL was used. This section
presents a summary of the activity/weather log data for the three winter seasons of data
collection.

Tables 4.1 to 4.3 illustrate the number of logs that were completed, the type and average
amount of precipitation reported, and the average minimum and maximum atmospheric
temperatures reported during the events. Note that the event durations vary and could occur
overnight. The information is presented separately by month for November through April 1999
—2002.

Table 4.1 Activity/Weather Log Summary Table - 1999-2000

1999-2000
Number of Events (from 37 Operators)
(Average Precipitation in Inches, Number Average Based on)
November | December January February March April All
Snow 1 66 75 33 9 2 186
(3.00, 1) (2.59, 56) (2.43, 56) (3.63, 24) (2.711,7) (10.00, 1) [ (2.76, 145)
Freezing 0 8 18 9 0 0 35
Rain (N/A) (0.18, 6) (0.25, 2) (0.20, 8)
12 2 14
Frost 0 (N/A) (N/A) 0 0 0 (N/A)
Rain 0 5 11 8 1 0 25
(0.63, 2) (0.07, 4) (0.83, 3) (0.10, 1) (0.41, 10)
Number of 1 84 91 37 9 2 224
Events
Average
Atmospheric | 56 350 | 19.0-20.4 | 19.9-301 | 259-31.6 | 29.7-34.8 | 30.0-38.5 | 21.0-30.4
Temperature
Range (F)
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Table 4.2 Activity/Weather Log Summary Table - 2000-2001
2000-2001
Number of Events (from 28 Operators)
(Average Precipitation in Inches, Number Average Based on)
November | December January February March April All
Snow 5 90 44 28 7 0 174
(3.00, 1) (3.84, 69) (1.52, 26) (1.87,17) (2.67,3) (2.99, 116)
Freezing 2 22 9 16 2 0 51
Rain (N/A) (0.52, 10) (0.27, 3) (0.33, 6) (N/A) (0.42,19)
5 4 9
Frost 0 0 (N/A) (N/A) 0 0 (N/A)
Rain 1 6 11 4 7 9 38
(N/A) (0.25, 1) (0.67, 6) (1.00, 2) (0.11, 1) (N/A) (0.64, 10)
Number of 6 101 58 42 13 9 229
Events
Average
AIMOSPNMC | 24.3-295 | 9.3-198 | 24.1-31.1 | 202-289 | 31.5-355 | 52.1-61.6 | 18.7-27.2
emperature
Range (F)
Table 4.3 Activity/Weather Log Summary Table - 2001-2002
2001-2002
Number of Events (from 14 Operators)
(Average Precipitation in Inches, Number Average Based on)
November | December January February March April All
Snow 1 22 26 20 17 2 88
(0.86, 9) (2.63, 18) (1.63, 8) (2.65, 15) (N/A) (2.16, 50)
Freezing 1 2 10 0 7 0 20
Rain (0.25, 1) (N/A) (0.50, 1) (0.50, 2) (0.44, 4)
Frost 0 6 ! 8 4 0 25
(0.50, 1) (N/A) (N/A) (N/A) (0.50, 1)
Rain 2 3 1 4 7 4 21
(0.25, 2) (N/A) (2.50, 1) (0.37, 3) (0.34, 4) (0.50, 1) (0.54, 11)
Number of 2 31 39 30 27 7 136
vents
Average
?tmOSphe”c 305-365 | 22.2-27.6 | 244-299 | 249-303 | 20.3-30.7 | 37.9-44.1 | 24.1-305
emperature
Range (F)
4-2 April 2003

Final Report



The following figures present analogous information. Figure 4.1 shows that about the
same number of activity/weather logs were completed during the winters of 1999-2000 and
2000-2001. However, this does not necessarily imply that the winters had the same number of
weather events. The winter of 1999-2000 was the baseline year of data collection, with 37
different HMOs reporting events (approximately six logs per operator). The winter of 2000-
2001 had only 28 different HMOs reporting events (~ eight logs per operator). Far fewer logs
(136) were completed by 14 HMOs during the final evaluation year (~ ten logs per operator).

The climatological data in Section 2.2 show that the winter of 2000-2001 was colder and had
more precipitation than the other two evaluation winters. The activity/weather log results seem
to be inconsistent with this fact, since the number of logs completed per operator increased
throughout the evaluation period. This discrepancy may be due to the smaller number of
operators participating over time or a learning curve among the operators to report all weather
events, including those with only rain or frost. Also, some operators completed more logs, on
average, than others.

300

200

Number of Logs

100

0
1999 - 2000 (Y1) 2000 - 2001 (Y2) 2001 - 2002 (Y3)

Figure 4.1 The Number of Activity/Weather Logs Completed by Evaluation Year.
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Figure 4.2 presents the percent of events in each evaluation year that reported various
types of precipitation. Understandably, the majority of events in each year reported snow. In
addition, the figure shows that while not statistically significant, there was a general increase in
the percentage of the events reporting the types of precipitation requiring little or no intervention
on the part of HMOs. For example, more events in the final evaluation year reported frost than

rain.
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Figure 4.2 The Percentage of Weather Events Reported to Have Various Types of
Precipitation.
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Figure 4.3 shows the average low and average high temperatures per reported event. The
figure shows that the event temperatures stayed fairly consistent across the evaluation period.
However, the temperatures for the events reported in the second year of the evaluation were
slightly lower, which is consistent with the climatological data presented in Section 2.2.

Average Event Low/High Temperature

Y1 Y2 Y3

I Event Low Temperature I Event High Temperature

Figure 4.3 The Average Low and Average High Temperatures per Reported Weather
Event.
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Figures 4.4 — 4.6 illustrate the worst and targeted pavement conditions associated with
each event for each year of data collection. The figures indicate that the worst pavement
condition among the reported events decreased in severity during the evaluation period, with the
majority of the worst conditions being “Patchy Snow or Ice” for the last two winters. In
addition, while the targeted condition was “Bare Pavement” for approximately 90 percent of the
reported events in all three seasons, the winter of 2000-2001 may have had more severe events,
as evidenced by the target conditions of “Plowed and Treated” and “Wheel Tracks Bare.”
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I 1 - Bare Pavement I 2 - Patchy Snowl/lce I 3 - Slush/Loose Snow 4 - Wheel Tracks Bare

I 5 - Plowed and Treated I 6 - Deep Unplowed Snow I 7 - Road Closed

Figure 4.4 Percent of Events Reporting Various Worst and Targeted Pavement
Conditions for Evaluation Year 1 (1999-2000).
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Figure 4.5 Percent of Events Reporting Various Worst and Targeted Pavement
Conditions for Evaluation Year 2 (2000-2001).
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Figure 4.6 Percent of Events Reporting Various Worst and Targeted Pavement
Conditions for Evaluation Year 3 (2001-2002).
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Figure 4.7 presents the number of events in each winter season reporting various snow
and ice control measures being used. These results are consistent with the pavement conditions
reported in the previous figures. For instance, patchy snow and ice, the worst condition in the
majority of reported events, would be treated with de-icing measures, the method utilized in the
majority of events.

The activity/weather log results are generally consistent with the fact that the first and last
years of the evaluation were warmer and drier (i.e., reduced need for highway maintenance).
These mild winters affected the evaluation effort by reducing the opportunities most of the user
groups had to access and use FORETELL information in real-life situations.
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Figure 4.7 Percent of Events Reporting Various Snow and Ice Control Measures being
Utilized by Evaluation Year.
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4.2 System Performance

The evaluation team was not responsible for collecting data concerning the performance
of the FORETELL system (e.g., system downtime, data reliability, forecast accuracy, etc.).
Castle Rock Consultants is preparing a separate system performance report for lowa and FHWA.
The report will document the system performance during the evaluation period and is expected to
contain:

* Information regarding system uptime (website and models) and the reliability of
forecast/data updates;

* Reasons for system downtime (e.g., software or Internet service failure) and details on
computer/data redundancy needs;

* Details on safeguards and redundancies that were implemented, such as implementing a
backup web server and teaming with a local weather provider to act as a data stream
backup;

* System performance from a weather-forecasting point of view and road model
performance (e.g., accuracy or bias in the models).

The evaluation team and HMOs experienced a general increase over time in the
operational availability of the information provided by FORETELL.

4.3 Institutional Performance

Several issues related to the development and marketing of FORETELL had a significant
impact on the use of FORETELL and on the FORETELL evaluation. While these institutional
issues were not part of the evaluation focus, they are noted here because of their relevance to the
results that are reported.

In 1996 the original FORETELL Consortium included Castle Rock Consultants, the
Federal Highway Administration, the National Weather Service (NWS), NOAA's Forecast
Systems Laboratory, Environment Canada, and the states of Illinois, lowa, Minnesota, Missouri,
and Wisconsin. Participation by the states meant contribution to a FORETELL pooled fund. By
contributing, states would have weather products tailored for their use, as well as access to the
FORETELL system. Early in the project, Minnesota and Illinois decided not to contribute to the
development. Their participation was therefore limited to initial stakeholder meetings and the
early development of the System Design Concept.

In the early stages of development of the FORETELL system, Castle Rock Consultants
planned to team with the Forecast Systems Laboratory (FSL) and the National Weather Service
(NWS) to download NWS data and develop meso-scale models. The relationship between Castle
Rock Consultants, FSL, and NWS never materialized. Subsequently, the FORETELL program
was delayed by nearly one year while Castle Rock Consultants contracted with a FSL
meteorologist to develop the weather-related models. As a result, FORETELL did not become
operational until the winter of 2000-2001.
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During the evaluation period, various issues with the information provided on the
FORETELL website appeared to be incorrect and may have affected users of the system. In
addition, a few flaws with the graphical user interface (GUI) were found, such as map displays
with road systems in the wrong location. The Collision and Accident Reporting System (CARS)
information was overlaid onto the weather GUI, although it was not exactly suited for the
display. Castle Rock Consultants did not incorporate road weather information system (RWIS)
sensor data into FORETELL until the second winter of operation. Although the system was
operational most of the time, it did go down on several occasions. One memorable occasion
occurred early during the winter of 2001. The FORETELL system went down for a couple of
days due to server failure, during the first major winter storm. Following the event, FORETELL
added a backup server to help ensure redundancy and to improve system availability. These
situations appear to be typical problems that occur during the implementation of a new system.

Another issue relates to the focus of the weather information displayed on the website. It
was tailored to assist HMOs maintenance activities. Thus, the information provided by
FORETELL may not have been as useful as a website designed to meet the information needs of
the other user groups.

Marketing efforts for potential user groups were limited and resulted, in some cases, in
minimal participation or the inability to access the FORETELL website. The evaluation team
itself encouraged FORETELL use by CVOs, traffic managers, and transit operators so that these
user groups could be included in the evaluation. Some user groups (e.g., travelers) could not be
evaluated at all, since the FORETELL Consortium did not make the password-protected website
available to this user group.

In Towa and Missouri, participation in the FORETELL program by HMOs was
coordinated through the state departments of transportation. For instance, the surveys were sent
to state DOT personnel who distributed the surveys to the operators. In Iowa, the department of
transportation underwent a major reduction in force during the spring of 2001. This reduction
directly impacted the participation of highway maintenance personnel in completing the first
follow-up survey. In Missouri, over a hundred operators attended FORETELL training, but
because many of them had older computers that used older and slower telephone modems, their
access to FORETELL was very limited. Also, Missouri’s State Engineer was hesitant to
encourage reliance upon computers or RWIS sensor data, which FORETELL uses in its road
condition model.

In Wisconsin, highway maintenance is not provided by a state department of
transportation, as it is in many other states. Individual counties provide highway maintenance
for the state through a contractual arrangement. Because the FORETELL program was outside
of the contractual agreement for maintenance, the state had little authority to request HMOs to
participate in the FORETELL evaluation. As a result, HMOs in Wisconsin were not asked to
complete activity/weather logs, and few HMOs responded to the surveys.
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5.0 OBSERVATIONS AND RECOMMENDATIONS

The FORETELL evaluation focused on six user groups over one to three winter seasons.
Each of these user groups had different needs and potential uses for the weather and road
condition information. Each had different decisions and processes they aimed to impact with
this new information. To some, the information was not that new (just packaged differently),
while others were seeing this kind of information for the first time, packaged in a new medium,
such as the Internet. This section attempts to provide some overall observations common to the
user groups and then to offer recommendations for future activities.

5.1 Observations

The following observations are made by the evaluation team after a thorough review of
all evaluation results presented in this report:

The FORETELL system offered new information in a new format. FORETELL
attempted to package weather and road condition information in a new way and provide it to the
users in a one-stop-shop approach. For the most part this goal was achieved. For the HMO,
much of this information was already available through a variety of sources, and FORETELL
brought it together in a website format with special features to assist in viewing volumes of
information in a straightforward way. The one new item that was noted by the HMOs that was
of great value was the dewpoint. On the other hand, for the other users (CVOs, highway patrol,
school administrators, transit operators, and traffic managers), some of the FORETELL
information was both new to them and presented in a new format. Elements such as detailed
weather forecasts, pavement temperature, and pavement conditions were among the highlighted
new items. Clearly, they were intrigued and interested in this information. Although each user
had varying information needs, generally they thought this new information in this new
packaging was easy to obtain and usable, with a high percentage of them mentioning that they
appreciated the special features such as the animation of the information over a specified time
period.

FORETELL had aggressive goals and encountered difficulties typical of new systems.
FORETELL’s goals of bringing much information together in a new format was a first in the
industry. The evaluation team understands that new deployments are fraught with challenges.
FORETELL was no different. As discussed in Section 4.3, Institutional Performance, the
program dealt with major partner changes, users reluctant to changing the way they have done
things in the past, schedule delays, information accuracy, and computer/systems/server issues
that sometimes negatively affected the delivery of the information in a timely manner. Although
unfortunate, these issues were not unexpected for a project of this type. Apparently, these
“Institutional” challenges had an effect on how the system was perceived by some of the users
and may have tainted their responses to surveys and telephone interviews. In some instances
these issues may have impacted whether they used the system at all or were willing to participate
in the evaluation. Subsequently, the results indicated both positive and negative aspects of the
FORETELL system. Between 30 and 40 percent of the HMOs said that they changed their
decisions based on FORETELL information, and greater than 50 percent of all users said they
want to continue using FORETELL in the future. However, less than 20 percent were willing to
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pay for the service. These numbers are a good sign, given the challenges that were faced by the
program.

User’s resistance to change affected FORETELL use. Like any new tool provided to an
operator, FORETELL suffered from users’ reluctance to use and accept something new. The
team believes this resistance had a direct impact on users’ responses about the FORETELL
system. In many cases, respondents would not commit to agreeing or disagreeing with how they
used or liked the FORETELL system. This may be related to the fact that they really did not use
the system, so they did not feel comfortable responding either way.

Weather conditions affected use of the FORETELL system and therefore the ability to
evaluate its performance. Weather conditions, or lack thereof, was a major factor in being able
to evaluate the system. This was especially true for the non-HMO users (CVOs, highway patrol,
school administrators, transit operators, and traffic managers), who only had one season to use
the system (winter of 2001-2002). As can be seen in Sections 2.2 and 4.1, data are provided to
support the conclusion that this season was an extremely light winter and therefore the need for
FORETELL information was diminished or non-existent. This situation affected the number of
people willing to participate in the evaluation and the responses of the ones who did. Only 15 of
the 34 CVOs, 5 of the 9 school administrators, and 3 of the 14 transit operators agreed to actually
participate in the evaluation af